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Certain Shovel 


Specificatio 


4d 


is ‘“Tough eece 


But One Manufacturer 
Has Learned | 
How to Meet It 


A WELL-KNOWN maker of shovels was unable to meet 
the severe specifications of a certain railroad. The pro- 
duction department was resigned to the belief that the 
specification could not be met with the regular shovel 


steel which they had in stock. 


But, before abandoning the regular stock and ordering 
new steel of another analysis, the shovel producer sought 
the assistance of Republic Metallurgists. Tackling the 
specification with an experience gained in the study of 
hundreds of metallurgical problems, Republic Metallur- 
gists soon solved the problem. They developed a treat- 
ment of heating, quenching in a hot medium and air 
cooling, which enabled them to retain the required 


ductility, with fairly high hardness. 


The manufacturer was saved the cost of new steel and 
acquired a heat treating practice which measurably 


bettered his product. 


Perhaps you, too, have a specification which is giving 
you some difficulty. Perhaps you are considering chang- 
ing the analysis or the analyses of some of your steels. 

Republic Metallurgists will 


be glad to co-operate with 
you inthe selection of steal 
for a definite purpose or in 
the development of better 
heat treating practice 
; CENTRAL ALLOY DIVISION 
Data of help to every buyer ; REPU BLIC STEEL 
and user of alloy steels is : 

Steels Handbook. Write for : Massillon, 


o copy. 
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An Outstandin Allo ‘Steel 
“Manufacturer of the 


Complete 


modern 
manufacturing 
facilities 


Next to the knowledge and experience 
of its executive technical personnel, 
the most important advantage pos- 
sessed by The Timken Steel and 
Tube Company is its modern pro- 
duction equipment. 


No matter how correct the specifica- 
tions may be, good steel—steel that 
is true to grade and uniform in 
quality—cannot be made with out- 
of-date machinery and old-fashioned 
methods. 


The capacity of the Timken steel plant 
is 30,000 tons a month. Every piece 
of equipment throughout the plant is 
thoroughly modern, and the best of 
its type, including electric and open- 
hearth furnaces; ingot handling equip- 
ment; blooming mills; re-heating fur- 
naces; bar mills; merchant mills; 
seamless tube mills; hot and cold 
saws. All of the machinery is 
equipped with the most modern anti- 


friction bearings. KS INI 


Thus good equipment contributes its 


full share to the verification of the Electric Furnace and Open Hearth 
Timken slogan, “Good Will Based 

On Good Steel.” A\ILILMY ILS 
THE TIMKEN STEEL AND TUBE COMPANY, CANTON, OHIO 


METAL PROGRE 


ay 
Vorld 
% 9 2 
nm Xx, 
| 
q 
: 
. cP? 5 
? 


WISSCO 


SPIRAL TYPE 


CONVEYOR BELTS 


| 
| 
x 
WISSCO Spiral Type Conveyor Belts are an | : 
endless series of individual spirals, coils or . 4 
links automatically woven. They are made 
in steel, bronze. brass. copper. monel and | : 
high temperature and chemical resistant | 4 
alloys. as fine as 10 mesh No. 35 gauge wire 


or as coarse as 2!) mesh No. 9 gauge wire 
and from |” wide to 160° wide. Special 
patented straight rod reinforcement guard 
edges, lifting flanges and dividers are pro- 


vided when required, in no way do they | 


reduce the flexibility of the belt. 


mesh. pitch and 
uniform knuckling in- 
sures perfect: point con- 


Wissco Spiral Type Belts are the strongest known 
all metal conveying medium. 


tac tTand} alignme nt. 2. They are the most flexible conveyors made 
Wisseco Patented fea- 
. 
tures incorporated only 3. with the lowest thermal capacity 
carrying the greatest loads per unit of weight in 


Conveyor Belts prevent 
side creep on the pulley. elevated temperatures 


lateral elongation and >. are free from excessive lateral elongation and 

contraction in width un- width contraction 

der extreme loads. heat- 

and tensions. @. and have guaranteed high temperature ability. 

Wickwire Spencer Steel Company. #1 East t2nd Street. New York City Se, 

Buffalo, Chicago. Detroit. Philadelphia, Tulsa. Worcester: Pacific Coast Headquarters: San Francisco: 


Branches and Warehouses: Los Angeles, Portland, Seattle: / vport Sales Department New Vork Cits 


BELTS 


= 
\ 
Yj 
at \ 


E 
£ 


j 

Ons ‘ A : 


Furnaces 


Placed in 


Production Lines 


by GORDON T. WILLIAMS 


Metallurgist 
Cleve land Tractor Co. 


HE FUNDAMENTAL RE- 
quirement of modern manufacturing on a large 
scale is the production of interchangeable parts 
of maximum quality and at minimum cost, since 
mass production and low costs to the consumer 
predicate the assembly of products from inter- 
changeable parts, manufactured from controlled 
inaterials, with standard dimensions, tolerances, 
and properties. Such an achievement demands 
specialized tools and equipment, wage incen- 
lives to spur the workmen, and a minimum of 
lost time and handling through the closest pos- 
sible linkage between successive operations. The 
nore closely associated the group which pro 
duces a given part, both in the plant lavout and 

s to its objective, the more CCONOTIN will be 
tttained, 

Heat treating. as we all know, is frequentiy 
essential operation in the line between raw 
terial and finished part. In the majority of 
ints, both large and small, the necessary fur- 
es have their own building or separate niche 
ere these “specialized” operations can be per- 
med without disturbing the other machines 

‘ten regarded as of a higher type and more 


ise. In contrast with this plan of manage- 
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ment, which may be called centralized heat 
treating, this article will describe successful 
decentralized, or production line, heat treating. 
It will refer to heat treating operations con- 
ducted specialized equipment placed in 
proper physical relation to preceding and sub- 
sequent fabricating operations, and under the 
same supervision, leadership, and wage basis as 
the other machining and assembling operations. 

Furnaces for forging and similar hot work- 
ing operations are always placed close to the 
presses and hammers, but, as noted above, pro- 
duction heat treating in manufacturing plants 
has usually been performed in a department 
segregated from other operations. That part of 
the plant referred to contemptuously by many 
emplovees as “the hardening room” or the “heat 
treat™ has long been a spot notable for fumes 
and dirt, where costs (if known) were high and 
where “secret” processes were performed in 
mysterious Ways. 

The centralized heat treating department, 
as usually installed and managed, demands 
transportation of all parts to and from the fur- 
naces, and a labor system at variance with best 
practice in the other machining and assembling 
operations; it means a subdivision of natural 
groups established clsewhere for the production 
of finished pieces, both through the physical sep 
aration of certain stages in the process and by 
the introduction of labor not under the control 
of group leaders. 

Attempts to tie in the heat treat with other 
fabricating operations CONVOCVORS have usu 
ally been only moderately successful, becauss 
the thermal operations have been performed by 
a group of men not correlated with those in the 
rest of the shop as to leadership, incentive, or 
objective. Of course, such conveyor systems, 
both inter-group and intra-group, decrease han 
dling costs and lost time by linking together all 
production units without manual transporta 
tion. At best, however, convevors are primarily 
aomeans of overcoming physical limitations im 


posed by plant lavout and product design. 


Heat Treating Machines 


Once upon a time there was considerabl 
justification for putting all furnace work into 


a separate building, for the crude equipment 
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Tractor Rides on Endless Chain. Short links 
ride easily around end wheel and sprocket, and are 
together with pins, bushings, rollers 


then available was a prolific source of noise, 
dirt, smoke, smell, and heat. Modern furnace 
design, on the other hand, is far from the box 
or batch-tvpe units of ten vears ago, and makes 
available automatic or semi-automatic equip- 
ment, full automatic control, and a degree of 
accuracy Which is in harmony with that which 
is performed in the machining operations. 

By proper selection of furnace equipment, 
with due consideration for cleanliness, simplic- 
itv. economy, and accuracy of results, heat 
treating units may today be placed directly in 
line with machine tools and operations, with a 
real improvement in the economy of manutfac- 
ture and the quality of product. Furnaces may 
be regarded as “heat treating machines”; the 
human factor is submerged, and it is therefore 
possible to apply wage incentives or group 
bonuses figured on a basis of the number of tin- 
ished parts produced. 

Such heat treating machines will) usually 


be special furnaces, of continuous operation 


rather than of the batch type. Unfortunat, 


when selected for optimum performance o 4 


single operation on duplicate parts, a furn 
will frequently be useful only for that particula 
operation or for parts of similar design. When 
product design or processing is changed so as to 
necessitate different heat treating programs, ox 
tensive alterations may be required before thy 
old equipment is again usable. 

For example, if or when box carburizing js 
superseded by some other method of securing 
hard surfaces, the recuperative and countertlow 
furnaces, which cost hundreds of thousands of 
dollars in the aggregate, will be obsolete and 
useless unless they can be rebuilt. The same, 
of course, is true of other production machinery 
Its advantages in increased quality and lowered 
costs are usually more than sufficient to insur 
against the possibility of early obsolescense 

When correct heat treating units are ad 
jacent to machining operations, thermal treat 
ments may be performed by the same class of 
labor as the other stages in processing, and « 
group bonus plan of wage incentive can be ap 
plied, wherein payment is made on a basis of 
completed parts or assemblies accepted by thy 
inspection department. This permits a unified 
supervision and leadership, and all men in on 
sroup have one objective the cconomical pro 
duction of the largest possible number of inte: 


changeable parts. 
Decentralized Heat Treating 


The Cleveland Tractor Co., after full con 
sideration of the above-mentioned arguments 
has abandoned a centralized heat treating de- 
partment in favor of the decentralized units. 
thus achieving integral and complete group sys 
tem ino many of its departments. 
crawler tractors are the sole products of this 
company, the line including five standard ma 
chines, varving from 15 to 80 hp. drawhal 
capacity. 

Liberal use of heat treated alloy steels and 
forgings is necessary to meet the severe seryic 
to which these machines are put; the Cletrac 3. 
a 1-hp. tractor, has 260 heat treated forginss. 
exclusive of those in the motor, and over 
other heat treated parts, such as those cut from 


bar stock, castings and springs, not counting © @p 
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ws. studs, or other 


devices. Many of 


se are located in the 
k and its supports, 
| the departments for 


ricating these  sub- 


ssemblies may well be 
ken as illustrations of 
the general argument 
ven above. 
In the crawler trac- 
tor. an endless articu- 
lated track passes over 
track 


rollers, around a= front 


upper support 


idjer. under lower trac- 


lor supporting rollers, 


and is driven by a rear 
sprocket) wheel which 
derives its power from 
the engine-driven trans- 
mission. The enormous 
amount of traction ob- 
tained by the flat track 
in contact with the ground permits the applica- 
tion of high power, but, at the same time, the 
relative freedom from slip demands gears, 
shafts, pins, and links of high shock-resisting 
qualities and capable of withstanding severe 
overloads. It should further be noted that trac- 
lors often operate steadily at full load. hour 
after hour. 

A word concerning the general plant lay- 
oul may not be amiss. The Cleveland Tractor 
Co. plant occupies a series of one-story build- 
ings about 325,000 sq.ft. in area. In general, 
operations may be described as “progressive” 
rather than straight line. Each department is 
equipped with its own hoists and conveyors 
overhead or roller —— to transport the parts from 
machine to machine. 

lhe assembly building is grouped as a lad- 
det that is, the receiving tracks and convey- 
ors parallel one side of a long building; storage 
bins and racks are just inside; raw material and 
parts work across the building to sub-assem- 
bhes on the far side, and to a main assembly 

alongside the wall opposite the receiving 
ks 


ne production group in this plant which 
iplifies decentralized heat treating is that 
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Pusher End and Automatic Control of Gas-Fired 
Furnace for Track Shoes. Shoes are quenched in 
shallow water so only the lower edges are hardened 


making the components of the crawler track. 
Components and assembly can be judged from 
the illustrations. A typical track is in effect a 
chain belt, the links of which are track shoes 

one-piece drop forgings of S.A.E. 1085) steel. 
The forgings, purchased outside, are delivered 
directly to the pusher end of the heat treating 
furnace, gas-fired unit) automatically con- 
Heated 


shoes slide out on a curved apron and discharge 


trolled, with capacity of 2000 Ib. per hr. 


ona flat conveyor in the quenching tank, which 


is only *, in. under the water level. Thus the 
edge flanges only are quenched, hardening the 
“rails” which ride on the support rollers. Cir- 
culation is provided by a pump, return water 
being expelled through nozzles below the first 


three feet of the conveyor. 


All Track Parts Hardened 


Further conveyor motion carries the shoe 
up out of the water, and the hardened rail is 
drawn by the residual heat working back from 
the balance of the shoe. At the end of the 
quenching conveyor are drilling and reaming 
machines preparing the shoe for assembly. Rails 


of shoes are held to Brinell 350 to 14150, while 
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the balance of the shoe is from 200 to 250. 
The softer tread plate on the shoe gets 
litthe wear, because “grouters” appropriate 
to the terrain are bolted on them. 

Pins, bushings, and rollers for assem- 
bling shoes into a complete track are 
started from bar or tubing stock stored in 
racks, one side of which faces the cut-olf 
machines, the other the railroad siding. 
Pins are of N-13815. bushings of 
S.A... 1020 seamless tubing, and rollers of 
S120 seamless tubing. From cut-off, 
these parts move successively through all 
machining operations, including broach- 
ing, turning, chamfering, and drilling, to 
the rotary gas carburizers, located adja- 
cent to the last machining operation. At 
present, four rotary gas carburizers, two 
vas heated, and two electric. are used. 
An average of 10.000 to 12,000 Ib. is car- 
burized in 20 hr. in these units, with direct 
labor of about four man-hours, work be- 
ing performed by machine operators. (It 
might be remarked here that box carburiz- 


ing on the same production in the old 


Hlardening Furnaces for Steel Shafts Set at 


Proper Place Amid Other Machinery. Cold 
shaft introduced through charge-hole, and 
hung on spider. One rotation of spider 


brings it back under charge-hole and it can 
he withdrawn at full heat for quenching 


Track Wheels Include Cast lron Bearing, Hardened 
and Ground Shaft, and Wheels With Hardened Rims 


department required about 18 man-hours, or 4! times 
Specifications call for a case from 


Work 


is discharged after carburizing into baskets in a sub 


as much labor.) 
0.030 in. to 0.090 in. depending on tractor size. 


floor water quench. 
Baskets are then carried by monorail conveyor 
to an adjacent hardening furnace. This unit has a 
V-grooved hearth, is heated by electricity, has an auto 
matic timed pusher, and capacity of 800 Tb. per 
hr. Work is discharged through a chute into a 
i, sodium hydroxide solution, agitated by a 


propeller directly below the furnace discharge 


chute. Carburized and hardened pieces at 
taken from the quench by a conveyor through a 
boiling water rinse tank, which lands them at 
the point of assembly with the shoe. Hardness 
inspection is by Rockwell tester, the minimum 
being C-63. 

In our design of track, the roller for con 
tacting with sprocket teeth floats freely on a 
bushing which in turn is pressed into reamed 
holes in the narrow end of the shoe; step fil 
vives equal pressure on both holes. This o)e! 
ation is the last performed in this group, tl 
assembled shoe being placed on the conveyor 
and carried to the tractor assembly line, where 
another pair of hydraulic presses assembles (hi 
shoes into a track by pressing in the pins. ! 
complete track assemblies are required, one of 
either side of the finished tractor, and wes! 
from 1150 Ib. for Model 15 to 3600) Ib. fo! 
Model 80. 

All operations within the above group tre 


conducted under one foreman: all workers 


METAL PROG! 


| G 
e,e 
| 
4 fight ; - 


the same bonus basis and share equally in 


fits, payment being made on a basis of fin- 
d shoe assemblies. 
\nother excellent example of progressive 
duction with unified control is the group 
ducing the track wheel assemblies, which are 
rollers supporting the tractor. As shown in 
figure, the components are a two-part cast 
» bearing, a heat treated shaft, two idler 
eels, two oil sealing rings, oil feed wick, and 
nor parts. 

Phree parallel lines of machines simultane- 

slv produce the shafts, the bearings, and the 
wheels. Shafts, which are of S.A. 1085, finally 
reach the heat treating units, which consist of 
electrically heated furnaces. Each furnace has 

vertical shaft on its axis; the shaft carries 
spiders and hangers. The shaft is introduced 
through a round hole in the top of the casing, 
hung on the spider, and one revolution brings 
it to heat for hardening. It is withdrawn from 
the same charge-hole and replaced by another. 
Sodium hydroxide solution quench, water rinse, 
md Homo draw complete the heat treating 
lavoul. 

kach “spider furnace” has a production of 
per hr. From to 26 shafts, weighing 
from of) Ib. to 23 Ib. each, are required for 
ich tractor. Shafts are drawn at 8007 F. to 
Brinelh 821 to 375. The use of the NaOH quench 
has eliminated 99°, of the erratic results for- 
inerly encountered with S.A.E. 1035. 

After heat treating the shafts are ground, 
ind are then at the proper location for sub- 
issembly with the cast iron bearing. This unit 
then picks up the wheels, which have been ma- 
hined in their own line, and the lower track 
Wheel assembly is thereupon completed, ready 
lor the major assembly with the side frame, 

ily reaching the tractor on the adjacent main 
isscmbly line. 

lrack wheels are drop forgings of S.ALE. 
(Oho, heat treated by the vendor to give a rim or 

ring surface hardened to Brinell 100° mini- 

i. the hub remaining machinable at a Brinell 

of 250 maximum. 

this lower track wheel assembly is, like 

shoe, produced entirely under one super- 

by one group, all men operating on an 

‘i bonus basis. Heat treating operations are 


. 
led exactly like a machining stage. 
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Further extensions of the above system of 
labor and product control in the Cletrac plant 
are planned for the future. Gears and shafts, 
for example, will be carburized, hardened, and 
drawn within the machining department by 
labor under supervision of the department fore 
man. (Gear hardening furnace is electrically 
heated, with a flat link convevor hearth, having 
a capacity of SOO Tb. per hr Ultimately, 
miscellaneous parts, too small in quantity to per 
mit specialized equipment, will be handled in a 


centralized group of general purpose furnaces 


Furnace units described above have proven 
very satisfactory, and may well be considered 
heat treating machines, whose installation in th. 
proper physical relationship with preceding and 
succeeding operations has given better quality, 
better economy, and greater production, Lost 
time, due to poor coordination between machin 
ing and heat treating, with consequent “buck 
passing” and excessive labor costs, has been 


eliminated. 


Bulldozing Broken Rock on Side-Hill Road Con- 


struction Demands Utmost Power and Stamina 
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Fixtures 


Made of 


Welded Steel 


OOLS FOR TOOL MAKING REFER 
to fixtures that are used in’ conjunction 
with machine tools to hold and locate the 
work so interchangeable parts can be pro- 
duced within the accuracy specified by the 
designer. am wondering whether this 
class of tools is really given suflicient at- 
tention to obtain all possible advantages 
in the manufacture of standard apparatus. 
1 do not doubt but that those firms which 
manufacture tools exclusively give this 
matter considerable thought. However, 
my article is written to reach mainly men 
in other industrial concerns, who super- 
vise their own toolrooms and build tix- 
tures for use in their regular machining 
operations. 

Quite a number of vears ago the tool 
department was looked upon by some 
managers as something that they had to 
endure; they were not fully convinced that 
it was absolutely necessary. To such a 
man it seemed that the tool department 


always spent considerable money, and re- 
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By J. R. WEAVER 
Westinghouse Electric & Mfg. Co. 
Kast Pittsburgh, Pa. 


duced the dividends to that extent. | know of seme 
who actually tried to discontinue tool departments 

believe that the present-day manager full) 
realizes its importance. Recently, talked to an 
neer from a large machine tool manufacturing com 
pany, and he told me of a new machine which he had 
just designed. He obtained estimates from his slop 
of the cost of building the machine and found t/a! 
approximately $100,000 would be spent for jigs and 


fixtures before a single one would be made. Since [/1!s 


machine was a rather large one in that particular | 


and his company could expect to sell relatively fey 
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», the production over a 5-year period would 
‘ire that this expenditure be spread over 
ut 100 machines. On this basis, the prepara- 
, cost would be about $1000 for each machine. 
Since this seemed quite high, he further 
vestigated what the cost would be if he did 
4 tool it up, and found the figure to be $2000 
ve to build this machine without tools! 
his one instance would indicate what | 
lirmlys believe to be true that low selling costs 
ie toa very great extent due to proper tooling. 
fherefore, more attention should be given by 
the manager to the tool department; he should 
make sure that proper facilities are provided, 
ind the fixtures properly designed and manu- 
factured by the best men and methods obtain- 
able. The results will undoubtedly be reflected 


in the quality and economy of the general output. 


Shorter Time for Preparation 


Under present conditions, time is of the 
iimost importance. No one buys today until 
he absolutely must have the apparatus he wants. 
therefore, it is necessary for the vendor to pro- 
duce it ina very short time. This necessity for 
speed is reflected back into the various prepara- 
lory operations, and the manufacturing equip- 
inent department at the East Pittsburgh works 
of Westinghouse Electric & Mfg. Co. (of which 


One of Several Oxy-Acetylene Cutting Machines 
leailable for Preparing Diaphragms, Webs, and 
arious Other Sub-Assembly Units for aWelded Jig 


the writer is superintendent) is frequently called 
upon to produce tools on extremely short 
deliveries. 

As a recent example, one of our shop super- 
Visors came to me and said that he had to have 
certain tools and fixtures within 21 hr. These 
tools were rather large and consisted of milling, 
drilling, and checking fixtures for a fairly large 
piece of apparatus. Fortunately for him, we did 
not have to depend on cast iron or steel for our 
end of the job, for it is not always possible to 
pick up castings suitable for this type of work, 
and if a casting can be found quickly, it usually 
requires an excessive amount of machining and 
labor in order to produce the desired results 
all of which, of course, takes considerable time. 

However, we have adopted welded construc- 
tion for all jigs and fixtures, and because of this 
change in the method of manufacturing, we 
were able to produce these tools within the re 
quired time. It can readily be seen that it was 
an casy matter to find the necessary material, 
since the desired shapes were cut from rolled 
steel plate and bars on hand with an oxyv-acety- 
lene cutting blowpipe and fabricated in less time 
than it would take to make a pattern. Machin 
ing time was small, because the parts were 
joined for a minimum amount of machining; i 
a casting had been made in a rush it would un 
doubtedly have required more machine work 

because time would not allow us to pro 
vide proper coring to keep the finishing 
labor at a minimum. 

We have standardized on the welded 
jig and fixture throughout our Fast Pitts- 
burgh works. There are no tools of this 

nature now made from castings. We have 
very thoroughly investigated the problem 
for three vears, and after a series of tests 
for accuracy, stability, strength, and main 
tenance, have found that the fabricated 
jig is better. In all this time we lave 
found no disadvantages to reside in the 
new method, but have discovered quite a 
number of advantages especially from 
the standpoint of maintenance. 

matter of maintenance ts import 
tant. It is oftentimes necessary to change 
the details of a tool, cither while tt ts tn 
the process of manufacture, or after tt ts 


completed. Welded stecl construction 
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adapts itself much more readily to these changes 
than a cast jig. If some minor change is neces- 
sary, it can easily be done by removing the ob- 
structing part by an acetylene blowpipe, or a 
new part can be welded on where it is required. 
Such changes are impossible in cast jigs except 
by an excessive amount of work (frequently by 
obtaining a new casting). 

We find that maintenance costs are now 
only about 15°. what they had been with cast 
fixtures. [believe this very gratifving condition 
is due to the greater strength of welded. steel. 
: Further, the new fixtures are materially lighter 
than the corresponding ones of five vears ago, 
thus reducing the liability. of damage during 
handling. Lastly, it is very easy to place or 
replace hardened stecl inserts or pads where 


wear is greatest. 
: Start With the Designer 


Po obtain the full advantage of the above 
improvements in fixtures, it is first necessary to 
train the tool designer. Unquestionably, this 


type of fabrication is entirely different from: the 


Welded Assemblies Are Given a Stress Re- 
lieving Anneal, Then the Scale ls Removed 
hy Sand Blasting, and the Clean Jig Spray 
Painted Before Machine Work Is Started 
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cast type, and, if the tool engineer designs 4 
fabricated tool as he would a cast tool, the f)j; 
advantage of the former would not be realized. 


For this reason our tool designers ry 


given an intensive course of instruction to make 
them sufficiently conversant with the use of weld- 
ing terms and the principles of welding design so 
they might intelligently transmit their ideas to the 
shop. To assist the program, several instruction 
sheets were created for the designers’ use, which 
not only gave the shop workmen information, 
but also standardized certain phases of the 
manufacture. 

One of the standard sheets is shown on pag 
36. It gives the various tvpes of welds and the 
correct size of bead. Any reference made on 
any sketch to data on this sheet is readily under- 
stood by men on the welding floor where the 
jigs are fabricated. 

In order to avoid delays from shortage of 
stock material, another sheet was approved for 
showing the standard sizes of bar and plate most 
generally used and kept in stock (together with 
humber of purchasing department specification 
for re-order). When the bar stock is not suit 
able, the part is cut to size from a plate by means 
of a blowpipe. 

Boiler plate of widths and lengths com 


monly used in the tank shop is kept on hand in 
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thicknesses from“. to Tin. by eighths. A con- 
siderable variety of hot-rolled steel plates, 
rounds, and bars is also carried as follows: 
Plates from T!, to 3!) in. thick by quarters; 
winds from, to in. by quarters; bars range 
from in. thick by in. wide to 1 in. thick by 
lin. wide, the thicknesses varving by eighths 
md the widths as follows: 1. 2. 3. 
nd Pin. in each thickness. A selection of car- 
bon tool steel bars is also carried, ranging from 
\l in. to 1X2 in. cross-section. 
lhe machine designer makes no reference 
lo welding on his drawing. The tool designer 
nakes a separate sketch, which, with the above- 
mentioned standards, gives the shop complete 
Hformation for the correct jigs. including weld. 
nachining, and bill of material 
Hot rolled steel is used in the body of the 
ss. Where hard pieces are required, they are 
ide trom carbon tool steel, hardened and at 
lached to the jigs by means of screws or bolts. 
Hardened bushings are pressed into proper 
driited holes. 
order that chips may not imbed them 
Ss into the jig feet. it has been found advis- 
make this portion of tool steel. They are 
treated to a scleroscope hardness of 1 te 


lore being welded to the jig 


“Sy 


veral different types of machines are used 


There Is no Limit as to Size or Complexity 
of the Jigs and Fixtures Made of Welded 
Steel at the East Pittsburgh Works of 
Westinghouse Electric & Mfg. Company 


in the shop for cutting the appropriate parts 
from plate stock. Each one consists essentially 
of an oxy-acetvlene blowpipe mounted on a suit 
able frame, so it can be easily guided around th 
outline of the part to be cut. 

Phe jig parts are then assembled by a mx 
chanic. properly squared up, clamped in place, 
and tack welded sufliciently to hold them to 
vether. The work is then passed on to the 


welder who completes the job. 


Constant Accuracy Maintained 


In order to remove any strains present in 
the structure, the jigs are normalized by heating 
to a temperature of 1000) b. after which thes 
are allowed to cool in the air. This produces 
a scaled surface, so the appearance of the prod 
uct is improved by sand blasting. The jigs are 
then spraved with an oil-resisting paint so as to 
prevent chips from sticking to them when in use 

Final machining operations differ from cor 
responding work on cast jigs, as only about on 
fourth the amount of material is now allowed 


for tinish as formerly 
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After several years of use, we are convinced 
that such work in the tool department helps us 
to give proper service to our customers and to 
keep our costs to a minimum. Of course, other 
things in our toolrooms have helped, such as 
wage incentive, improved production methods, 
and cost analysis. | think a proper tool has a 
decided influence on the standard of the appa- 
ratus being manufactured for sale. It is’ the 
means of making either a good or a bad prod- 
uct, or, if good, it is a means of making it either 
expensively or at a low cost. 

It is desirable for the apparatus designer 
to be familiar with the facilities and the person- 
nel in the tool department. Tt is also desirable 
for the supervisor of the tool department to be 
familiar with the requirements of the apparatus 
design engineer, At East Pittsburgh the tool 
department and apparatus design department 


are in very close contact, 
Summary of Advantages 


Some of the advantages that are obtainable 
from welded tool and jig design are: 

Simplicity of Design A tool designer does 
not have to consider casting difliculties gener- 


ally entering this class of work. In the old days, 
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Size of Weld Ils Proportional to Thickness of Plate Being Joined, 


and Designer Conveys Information by Conventional Symbols 


good design would frequently be sacrificed | 
cheapen the pattern and casting cost on work 
requiring only one or two castings. 

Elimination of Defective Castings Sines 
the fabricated jig is built from hot rolled or 
structural steel, we have no difliculty with de- 
fective castings. 

Adaplabilily The tool or fixture can by 
changed at any time, during its construction oi 
after its completion. 

Strength The tool or fixture, since it is 
made from steel, is unbreakable. 

Permanence From all our tests, the tool 
or fixture “stays put” and retains its size and 
shape throughout its life. 

Lightness The tool or fixture is considet 
ably lighter, due to the use of material of great: 
strength, thus eliminating the extra materia! 
and that which is usually found in a casting 
to pattern draft. 

Low First Cost After repeated checks. 
find that costs are lower. Our investigations 
indicate that drill jig bodies cost approximate! 
1. less than cast iron, while milling tix! 
are about 15°, cheaper than formerly. 

Low Maintenance Maintenance costs 0! 
welded steel fixtures are about 15‘, tha 


equivalent devices made of iron castings. 
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e various types of machinery has been effected by 
means of a number of alloys, cach one charac- 
terized by certain properties, which fit it for 
definite uses. Since these have all been fre- 

Aluminum quently described in various places, and room 
for systematic treatment is lacking here, further 


remarks will be confined to a few generalities. 


A Casting and Piston Alloys 
oys m 
One composition has been used for many 
vears (known as No. 12 or S.ALE. 30 essen- 


tially 8. Cu in 92%. Al) for castings in which 
Transportation the requirements of tensile strength and ductil- 
itv are moderate (on the order of 22,000 Ib. per 
sq.in. ultimate strength in tension and 2°. clon- 


gation in 2 in.), and where it is desired to keep 


| the cost as low as possible. Small additions 
of silicon and iron or zine to this alloy im- 
proved the original binary alloy in machinabil- 


itv, tensile strength, and casting characteristics. 
By W. HOLZHAUER 
Pacific Coast Foundry Division 
Aluminum Cooking Utensil Co. the material chosen for crankeases for truck, 

Oakland, Calif. 


Kither No. 12 or a variation of it is frequently 


bus, and marine motors, for oil pans, radiator 
shells, and transmission cases. 

Deficiencies of ductility and of casting prop 
erties of the above have been remedied by the 
aluminum-silicon alloys, cither plain or “modi- 


fied.” Silicon (1.5 to 6.0°.) decreases the hot 


INCE TT COSTS MONEY TO MOVE shortness. On account of these casting charac 
dead weight, the trend in the transporta- teristics and its resistance to corrosion, this type 
llon industry is toward the elimination of is frequently specified for marine fittings, auto 


non-productive weight. By reducing the 


weight of a car, bus, truck, or plane, faster , - — ; 

pa Where Weight ls Limited by Highway Laws, Mavxi- 
schedules can be maintained, the pay mum Pay Load Is Secured by Aluminum Dump 
loads can be increased, and the operating Bodies. This one yearly earns 3 times its extra cost 


costs materially decreased. 

\luminum has plaved an important 
partin this weight reduction campaign. 
in alloy form, aluminum possesses the 


strength per square inch of cross-section 


Structural steel has and can be used 
place of the heavier materials without 
sacrifice of safety. Its low specific gravity, 
'S high heat conductivity, its resistance to 
ston, and its ability to absorb impact 
Without distortion make it well 
cd to meet the requirements of the 
ortation engineer. 
ire aluminum is a soft metal, quite 


a but not very strong. Its use in 
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mobile and bus body castings and tnstrument 


contammers. 


Both the above families of compositions are 
used in the condition as cast. Materials of higher 


strength are required for heavy duty cngines for 


lire apparatus and motor buses, and for aircraft 


engine parts. Aluminum has thermal proper 


lies which have made it standard material for 


air-cooled aireraft engine heads and it is even 
found on some first class water-cooled motors. 
For these a tl) copper alloy with the “normal 
impurities” silicon and iron under definite con- 
trol at fractional percentages is available. It is 
known as No. 195 or No. 196, depending on 
Whether it does not or does contain 0.2. mag 
nesium, and can be heat treated to tensile 


strengths ranging from. 28,000) to cor- 
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responding to Brinell hardnesses of 50 to Tt! 
io 


Advantageous use of aluminum alloys 


and clongations of 12' 


pistons is proven when it is known that ov 
pistons have been produced hy 

single manufacturer. Alloy No. 122 31) 
containing 10% copper, 1.255. iron, and 0.25 
magnesium, was developed about 15 vears ag 


primarily for pistons cast in permanent molds 


Its essential characteristics are high tens! 


strength at clevated temperatures, resistan 


wear, and good casting qualities. 


There has been a demand for some tim 


a light alloy piston which had a coeflicic: 


expansion more nearly equal to that of the cy! 


inder in which it operates. Many methods |\2 


been devised to compensate for the greater ©» 
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sivity of aluminum, but these have been in 
design of the piston and the use of inserted 
is. The development of a low expansion 
nm alloy containing silicon, nickel, magne- 
n, and copper strikes at the fundamental 
se for large clearances, removes all suscep- 
lity to permanent growth by preliminary 
i treatment, and permits a much closer fit- 
of the piston than was possible with the 
lider aluminum piston materials. The expan 
sion coeflicient of this alloy is Q.Q000105 per de- 
ree Fahrenheit between 70 and 212) F. 1.’ 
less than the older piston. Being about 10 
liehter it is especially desirable for aircraft 
‘ines. Difficulties in machining have been 


removed by using tungsten carbide tools. 
Heat Treated Wrought Alloys 


lmportant as these cast allows are, engineers 
have been given the choice, within the last few 
vears, of an imposing array of compositions 


which can be had in’ extruded shapes, rolled 
sheets or sections, or forgings. 

Phere are two classes of wrought alloys: 
lirst. those which are hardened by cold working 


bul cannot be hardened bin heat treatment: sec 
ond, those which may also be hardened by heat 
lreatment. The wrought forms of the first class 
produced principally from. commercialls 
pure aluminum and from an allow containing 


12>) manganese. Complex allovs of the dural 
twpe characterize the second class. A 
comprehensive table of their mechanical prop 


eriies Was given as a data sheet in Mera Proc 


kEsSS in the November, 1930, issue on page SI. 
Development of duralumin and of the heat 
treatment of aluminum alloys began in Germany 
about 20 vears ago. It was the means whereby 
the genius of Count Zeppelin was enabled to 
produce the rigid dirigible whose most recent 
example is the ULS.S. Akron. Today there are 
several aluminum alloys of the duralumin type, 
venerally called “the strong aluminum alloys.” 
Phe alloy known to the American trade as 
17S is substantially the same as the original 
duralumin, and contains approximately Po Cu, 
Mn and My. Immediately after a 
solution heat treatment its tensile strength ts 
about 15.000 Th. per sq.in. with clongation 
On standing or “aging” at room temperature 
for several days the allov develops a vield port 
of $5,000 and tensile strength of Th. per 
sq.in. with a slight increase in elongation, 
lmmediately after quenching and befor 
uving sets in, considerable mechanical work can 
be done, such as bending, upsetting, or forming, 
and this is the usual routine of fabrication. The 
alloy tinds verv wide use in aireraft construction 
and in structural shapes for truck bodies, street 


cars and railroad coaches to mention only 


major items in the transportation field 
For high strength members of con 
structed airships the vield point has been im 


proved by about oo reduction by cold) work 


Wherever the ldea of Low Weight for High Pay 
Load Ils Pushed to Its: Limit, There Will Be 
Found Much Aluminum and Its Alloys. In 
suburban service, especially rapid acceleration 
means faster schedules, higher trafic density 
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immediately after heat treatment. Reported 
values are then on the order of 50,000 vield and 
15’. elongation. 

An equally strong alloy containing about 
Cu, 0.75%) Si and 0.75', Mn was developed 


by Jeffries and Archer in 1920 to provide lower 


first cost, casier melting practice, and greater 


workability. It is known as 25S and has been 
used extensively in the manufacture of connect- 
ing rods for all types of internal combustion 
engines. Side rods of a small locomotive and 
motion links for some very large ones are 
performing satisfactorily. Practically all of the 
aluminum propellers for airplanes used today 
are forged from this composition. 

The above alloy requires an artificial aging 
ata slightly elevated heat. For drop forged con- 
necting rods the heat treated strength is about 
60,000 Ib. per sq.in. Rods made from this mate- 
rial have a suflicient allowance for stiffness and 
strength and save about 50°, of the weight which 
reduces centrifugal force on the crank pin bear- 
ing and minimizes vibrations in the crankshaft. 

Other forging alloys of exceptional work- 
ability, containing 0.65, Mg and Si, more or 
less, are marketed under the names Aldrey, 
Almelee, or 


of this alloy allows the forging of crankcase 


The exceptional workability 


halves for radial engines and forged nose pieces 
for aircraft engines which would have been 
almost impossible in any of the other strong 


aluminum alloys. 


Structural Application 


In replacing heavier metal with the alumi- 
num alloys, there are certain things to consider. 
In some instances, itis necessary to use a greater 


cross-section for the aluminum allovs because 


Aluminum Is in Com- 
mon Ul’se for Tank 


of the fact that their modulus of elasticity js 
lower than that of steel. Even with such mo 
fications in design there is still a considera}, 
saving in weight effected by the use of the str 
light alloys. For instance, a rectangular beam 
of the same width as steel is equally stiff and 
twice as strong when it is 44. thicker. — [fs 
weight, however, is only half that of steel. 

Such facts as these have turned designers’ 
attention toward the application of the strong 
allovs to the structural parts of automobile 
buses, trucks, and railroad and subway coachics 
In one recent design of automobile bus for city 
service, one-quarter of the weight of the body 
is of light allovs. Seat brackets, pedestals, front 
frames, and radiator shells are commonly in- 


stalled details. 
Coal and Coke Truck Bodies 


The use of sheet plate and structural shapes 
has been extended to the fabrication of dump 
Pittsburgh 


Coal Co. of Pittsburgh and Minneapolis, lias 


truck bodies for coal and gravel. 


had excellent satisfaction, the light metal lias 
ing stood the gaff of heavy haulage for nearly 
! vears without showing any evidence of failure 
Over-all dimensions of the 2-ton coke bodies are 
8x95Nx8 ft. high. Capacity is 1.25 cu.vd. Weight 
of the body is 605 Ib. as compared with 1250 Ib 
for a suitable steel substitute. 

Both the sheet for the body and the stru 
tural frame were fabricated from = the strong 
aluminum alloys. The only iron parts in thes 
bodies were hinge-straps, hinge-bars, chain, 
chain anchors and sliding door handles. Only 
two structural members of cach body required 
hot forming, so the bodies were ready for assem 


bly at the end of the second day's work. No 


Cars for Transporting 
Corrosive Chemicals, 
But Only Recently 
Has It Been Adopted AOCX 
for the Punishing 
Service a Dump Bot- 
tom Car Receives 
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liculty was encountered in bending the 6-gage 
et on a radius of °; in. Such bodies are 
sunted on Ford and Chevrolet chassis, and 
ve much in truck maintenance, tire replace- 
ent. and general operating expense. 
For the greatest operating economy it is 
sually necessary to utilize the maximum gross 
id permitted by the state laws. Such was the 
principle governing the design of dump = car 
bodies, 16 cu.yvd. capacity, mounted on six- 
wheel chassis, for the Seaconnet Coal Co., Prov- 
dence. The truck complete weighs 15.550 Ib., 
wid since the maximum gross load for vehicles 
of this type in Rhode Island is set at 10,000 Ib., it 
has a useful load of 24,450 Ib. Had the heavier 
materials been employed the pay load of the 
truck would necessarily be limited to 22,125 Ib. 
(a loss of one ton) and the capacity of the truck 
to 19 curd. While the aluminum alloy sheet 
and structural shapes cost more than = similar 
sheets and shapes in steel, the increase of 2025 
lb. in pay load is sufficient to net a vearly return 


of 337°. on the additional first cost. 


Railroad Rolling Stock 


There are other applications in which light 
allovs have lowered the cost of transportation, 
since propulsion energy for street railways costs 
between 9 and 10¢ per Ib. per vear. Many street 
railways have materially decreased the weight 
of their rolling stock since the Cleveland Rail- 
way, the Chicago and Joliet Electric Railway, 
ind the Springtield Street Railway pioneered 
the use and application of aluminum in stressed 
inembers of street car frames six or seven vears 
igo. These applications of aluminum have re- 
duced the weight of the cars as much as 30’ 


mda se, reduction in dead weight makes a 
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substantial vearly saving in propulsion energy. 

According to an article by A. M. Robinson in 
Merat Progress for October. 1930. the first use of 
aluminum was for interior finish, molding, win- 
dow panels, and fittings in a lot of 300 motor 
cars and trailers built for the New York subway 
in 1908. This great underground transportation 
system has followed this practice consistently 
since then. The latest tvpes of quick-loading 
cars for the Eighth Avenue subway were studied 
carefully from the weight saving standpoint in 
order to bring the wheel loads on these 2S0- 
passenger units within the limits of the East 
River bridges. Lower deck head lining, doors, 
seat boxes, and lower swing-sash panels are 
made of aluminum alloy sheets. Most of the 
door-operating devices and much of the auto- 
matic control equipment are also made of the 
light alloys. 

Trunk railroads have also turned toward 
the light, strong alloys in order to decrease the 
weight of their rolling stock. The most notable 
applications at the present time are in suburban 
motor cars and trailers. In 1926, the Pennsyl- 
vania Railroad constructed eight) aluminized 
cars, saving 13,100 Ib. of weight per car; in 1927, 
the Chicago & Northwestern built 120 cars, and 
in 1929, added 25 more “aluminized” units; the 
Illinois Central began with 25 cars for its Chi- 
cago suburban lines nine vears ago, added 215 
cars to its system in 1926, and 20 cars in 1928; 
and the Northwestern, in 1929 and 1950, built 20 
cars with many aluminum parts. To date, 778 
cars containing applications of light metal in 
one form or another are in operation on 15 dif- 


ferent railroads. 


Tank Cars 5 Tons Lighter 


While the use of aluminum in) passenger 


car construction possibly represents the rail 


roads’ largest consumption at the present time, 


its use In tank cars should not be overlooked. 
Between 75 and 100 aluminum tank cars are in 
service on American railroads transporting such 
commodities as glacial acetic acid, formalde- 
hvde, and hvdrogen peronide., Dhese cars save 
between four and five tons dead weight. and 
because they resist attack by chemicals and food 
products, there is no danger of the commodity 


becoming contaminated. 
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Stainless 


Versus 


Chrome Plate 


\s Told By 
\ul Builders To 
OHN G. MAPES 


UCTOMOBILE BUILDERS 


lave chosen greater values instead of lower 


prices as the keynote of 1932 sales campaigns. 
throughout the industry emphasis is being laid 
on innovations in design and equipment: Free 
Wheeling, floating power, synero-mesh trans- 
stream-lined bodies, six evlinders at the 
price of four and eight for six! Rigid econo- 
Mies are required to provide these at no increase 
price; the manufacturer's profit is also usually 
ed, 
Obviously, therefore, 1932 models cannot 
unnecessary manufacturing costs. If an 
nsive material can be replaced with a 


per one at no sacrifice in serviceability or 


1932 


appearance during the expected life of the car, 
most manufacturers make the substitution. If 
a change in design or manufacturing process 
will mean even a small saving, the change is 
likely to be made. Where, then, do the stainless 
steels fit into the picture? 

Unquestionably, resistance to corrosion and 
staining is important. Further, many manufac 
turers recognize that stainless can be drawn or 
rolled according to most of their present specifi 
cations with little diflicultv. But who will stand 
the cost of the expensive alloy? Certainly not 
the public at this time and certainly not 
the car builder (whose profit margin is often 
far too slim for his stockholders). 

The present depressed copper market and 
low cost of brass, coupled with improvements 
in plating technique, have made chromium 
plated brass the purchasing agent's most fre 
quent choice tor bright work. Aluminum, chro 
mium plated, is used by some car builders. 
Deep drawing steel sheet, plated successively 
with copper. nickel, and chromium, has been 


found most economical for radiator shells. 


Ford Likes Stainless 


Not all manufacturers agree that stainless 
nickel-chromiuni-iron alloys are too expensive 
for wide use. Two vears ago Ford Motor Co. 
began to use material of the 18-8 composition 
for radiator shells. cowl mouldings, head and tail 
lamps, and windshield stanchions. A chromium 
iron alloy containing 16 to chromium was 
used for hub caps and door handles, 

Until this change to stainless, Model A’s had 
been nickel plated. Nickel was not satisfactory 
for tarnish resistance, so chromium plating was 
extensively investigated. The apparently un 
controllable pitting and peeling of a low cost 
chromium plating job led to the final selection 
of stainless sheet. The cost increase was ab 
sorbed by the company. 

lamps, radiator shells, tail lamps, and 
windshield stanchion are formed from strip at 
Ford plants. To avoid scratched dies and to 
prevent the strip from. sticking to the die, a 
drawing compound composed of lithopone, sul 
phur, talcum powder, and No, 2 cup grease, 
thinned with lubricating oil, is used. The sul 


phur acts to scour from the surfaces of the dies 
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Ford Model A’s Pioneered the Use 
of Nickel-Chromium-lron Alloys 
for Almost All Brightwork Parts 


the slivers worked up by the scratching action of 
the stainless. Otherwise, these tiny slivers would 
roll up. leaving fairly large furrows in the die like 
the tracks left by a snowball rolling down hill. 

Ford hub caps, cowl lamps, door handles, 
and, quite recently, radiator shells are made 
by supply houses. The hub caps and handles 
can be formed from the less expensive 16 to 
IS’, chromium-iron, because they are located 
far enough away from 18-8 articles on the car 
that the slight difference in color is unnotice- 
able. When the radiator shells are made by the 
supply house they are rolled from strip rather 
than drawn because rolling equipment) was 
available there and = tests showed that rolled 


shells were just as good as drawn shells. 


Packard Picks Chromium Plate 


Cost is not the deciding factor at Packard 
Motor Car Corp., vet chromium plating is pre- 
ferred there to stainless steel. The bright work 
on Packards is polished and buffed to mirror- 
like perfection, and chromium plate will readily 
take this finish where stainless will not. 

Another disadvantage Packard finds is that 
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the use of stainless necessitates numerous |) 
tations in design which can be avoided by the use 
of other materials, such as zine die castings or 
stamped brass, which can be easily plated. | hye 
contrast between the color of the plated ware 
and stainless steel is likewise an objection. 

Wheel spokes on Packards are made of 
stainless, however, to resist splatter from. salt- 
covered streets in winter and other corrosive 
conditions. Even these, though, are chromium 
plated to maintain complete color harmony. 
Packard’s requirements for chromium plate are 
such that an even deposit of metal, free from 
pits, is assured. 

Only the cowl beading on Studebakers jis 
made of rustless iron, for the Studebaker Corp. 
favors chromium plated material because of its 
lower cost and more brilliant color. Rustless 
iron is chosen for the cowl beading, however, 
because this part is directly in the driver’s line 
of vision and rust spots on it would have a 
bad psychological effect. To maintain a uniform 
color among all bright work pieces, the cow! 
beading is chromium plated. 

Wheel spokes, bumper and bumper bolts, 
head, cowl and tail lamps, door handles, and 
radiator shell are all plated with chromium to 
exact specifications and highly polished. This 


finish has proved to be quite satisfactory. 
Popular Demand Is Lacking 


Ilupp Motor Car Co. has never offered any 
tvpe of stainless iron alloy as standard equip 
ment because of its high purchase price and 
because it is more expensive to fabricate. A 
survey made recently indicated that the final 
cost of stainless cap screws and bolts was three 
or four times as much as the cost of ordinary 
steel bolts, chromium plated. 

On the large eight-cylinder Hupp models 
the objection of increased cost would be imme 
diately waived if the public demanded stainless 
steel, and stainless would be quickly and will: 
ingly used. This demand can hardly be said to 


exist today, although there is no doubt thal 


people are becoming more “stainless conscious. 
Increased popular demand for the material, 
brought about by advertising, and lower cos! 
the automobile builder would put stainless 0” 


all Hupp models. 
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uvers of Hupmobiles, it is believed, would 

no distinction between the color of a chro- 

m plated brass cowl lamp and one of stainless 
sool Some of them now exercise the option of 

nless steel spokes in preference to enameled 
spokes, particularly when the body is finished in 

lark shade. 

Another car company believes that stainless 
steels must go into direct competition either 
with plain carbon steel successively plated with 
copper, nickel, and chromium, or with chro- 
mium plated brass or aluminum. Ultimate cost 
to the car builder is at present the deciding 
factor. 

Both stainless steel and chromium plated 
brass and aluminum are specified for running- 
board moldings, cowl beading, hood hinges, and 
gas tank caps, and, on occasions, all of these 
have been of stainless because of prevailing 
lower prices. All these parts are manufactured 
by supply houses according to strict specifi- 
cations. Stainless is consistently the cheapest 
for runningboard moldings. Company engineers 
believe that, generally speaking, it is cheaper 
to roll long, hollow sections from stainless strip 
than from either aluminum or brass, when the 
cost of chromium plating is added to the last two 
materials. 

A number of exposed bolts such as bumper 
and similarly prominent bolts are made from 
malleable iron, which does not plate well. These 
bolts have a stainless steel shell sprung on them. 

Engineers of this company think there is not 
enough demand for stainless to justify the extra 
cost. Moreover, it is not readily adaptable to 
such parts as radiator shells because of the diffi- 
culty which would be experienced in drawing 
the intricate shapes popular today. 

rom a strictly utilitarian standpoint, these 
engineers would prefer to adopt stainless for 
lrames, cross-members, and rivets. Proper de- 
signing would assure a suitable strength-weight 
ratio and the body would be proof against the 
corrosion of calcium chloride, salt spray, and 
other enemies of ordinary steel. 

Pierce-Arrow Motor Car Co. adopted stain- 
less steel because it seemed more permanent 
ind therefore less expensive than competitive 
invterials. Nuts, bolts, and screws which are 

sed to the corroding effects of the weather 


it made from stainless to assure longer life. 
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Cowl Beading on Studebakers Is of 
Stainless. This wheel is of ordinary 
steel, welded and chromium plated 


Other Pierce-Arrow parts of this material are 
the windshicld frame, cowl molding, gas tank 
cover moldings, hood hinge cover, door bumper 
striker plates, body pillar finishing plates. and 
luggage carrier grid bars, 

Another large motor car corporation uses 
stainless for quite a number of small parts in its 
several lines. Wherever stainless is used it is 
because itis the least expensive at the time. 

The purchasing department is) furnished 


specifications for stainless as well as for other 


Reveals, the Bands Around the Wind- 
shield of This Model, Are Stainless 


ex 2 ag 
——— 
lif 


Molding Along This Car’s Runninghoards Is Rolled From 
Stainless More Cheaply Than From Brass, Chrome Plated 


materials a rather general practice the 
industry. Parts which may be made of 18-8 or 
of 16 to 18%) chromium-iron are crank hole cov- 
ers, cowl beading, hub caps, and bolts for the 
bumper and trunk rack. On certain large mod- 
els stainless is used for the “reveals.” the outside 
window sills of closed models. 

This corporation would use more stainless 
material if its strength were greater and if it 
were possible to upset it or cut it on serew 
machines with less difficulty. While having an 
open mind on the subject, the engineers feel 
that stainless ferrous allows in general are high- 
priced products, while motor cars, especially 
under present conditions, must be relatively low 
priced, 

Many of the above-mentioned companies 
find that the corrosion-resisting properties of 
these various chromium-containing alloys can 
be used to advantage in such places as water 
pump shafts and bolts in the manifold. 

Except for the Ford organization, the con 
census is that the high cost of stainless offsets 
the advantages of long life. Around Detroit the 
rumor is spreading that even the new model 
Fords will not use 18-8 for radiator shells but 


will select some less cAXpensive matertal and 
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chromium plate it. If this rumor proves true, 
the tonnage of stainless going into automobiles 
will be considerably reduced. 

It can hardly be unfair to the automobil 
industry to point out that, with the exception ot 
a few high-priced cars, the manufacturers mak: 
ho pretense of producing cars that will run for 
ever. Rather they try to produce one which will 
offer great value at small cost and which will 
become out-moded in a short time by still fu 
ther advances and improvements in car build 
ing. To build a car which would Last ten vears 
would defeat the purpose behind most new mod 
els. Mr. Ketiering is given credit for the though! 
that the research departments exist for the pul 
pose of making people “reasonably dissatisticd 
with the old car.” 

Of course, were stainless steels sold to 
public as thoroughly as balloon tires originalls 
were or as free wheeling is now, the manula 
turers would use them greater quantitics 
Likewise, if the present cost of a finished ten 
of stainless steel were comparable to on 
chromium plated brass, the tonnage of stan 
used on automobiles would mount, with [lr 
automobile builder probably bearing the ad 


tisine burden. 
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Treating 


Parts for 


Non-Uniform 


Hardness 


ee IFWED FROM ONE ANGLE, DIF- 
ferential or selective hardening may be regarded 
as an advanced practice in the art of heat treat- 
ment. It contrasts with the practices of most 
operators, which produce parts held within 
close limits of hardness, piece to piece and spot 
lo spoton the same piece. If a part is to be hard 
on one end and soft on the other it would ordi- 
narily be made a composite of a hardened piece 
ind a softer one. 

On the other hand, differential hardening 
sone of the commonest tricks of the toolsmith 

for instance, his practice of quenching the 
lip end of a pick or cold chisel and then drawing 


i] 


© temper by allowing the heat to flow from the 
sank toward the end. However, the uniformity 
nd reproducibility of such hand work is strictly 
mimensurate with the skill of the workman, 
id at best the results are so variable that the 
im cannot be relied upon to deliver acceptable 
rk in quantity production. 

\ satisfactory solution of the problem of 
‘ing parts of variable hardness is found in 


Case hardening process. This, of course, 
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gives material hard and relatively brittle on the 
outside, changing inward to a tough and strong 
core. Certain areas of the surface may be left 
soft by the well known expedient of copper 
plating those areas before the carburizing oper- 
ations. Carburizing controls the hardness of a 


part primarily by controlling the carbon content. 
Three Methods Available 


Since hardening practice comprises a heat 
ing, a rapid cooling, and a moderate reheating, 
a single piece of steel with uniform carbon con 
tent may be given a differential heat treatment 
(and emerge with one desired portion much 
harder than another) in three wavs: (a) Heat 
ing and quenching merely that portion which ts 
desired to be hard; (b) heating the entire piece 
uniformly but quenching only those portions 
which are to be hard, and (¢) reheating various 
portions of a uniformly hardened piece to a dif 
ferent degree, thus softening some regions more 
than others. Other operations are possible, but 
the three mentioned have been in satisfactory 
operation at the Rouge Plant of Ford Motor 
Co. in regular production. An example of each 
will be described, since these practices have re 
placed more complicated and expensive series 
of operations. 

Perhaps the first mentioned is) the most 
interesting, since it also involves a rarely used 
method of heating for heat treatment. The part 
is a Shaft for water pump a plain round bar 
0.630 in. diameter and about 9 in. long. It is of 
“AAA steel” and while the ends are to be soft 
enough for subsequent machine operations, the 
central portion, where the bearings are, is to be 
hardened to Rockwell to C-50.) (For a de 
scription of the vartous steels used by Ford and 
their specifications, see an article by J. 
MeCloud in Mera Progress last March, and the 
data sheet in the same issue. AAA steel contains 
carbon to 0.555). manganese 0.65 to 
chromium 0.90 to silicon to 

Phe heating machine, as shown in the view 
on the next page, is built on the general lines of 
a resistance welder. The short shaft to be hard 
ened is “ripped at each end by water cooled 
jaws, operated from overhead levers. Low volt 
age current of high amperage. regulated by a 


transformer in the machine base. is switched on 
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by the clamping levers and is led through heavy 
copper cables to the jaws and thence through 
the shaft, which completes the circuit, heats 
rapidly and expands as it heats. 

It will be observed that the left-hand jaws 
are supported by a stanchion which in turn rests 
on short vertical links. As the shaft expands 
this jaw moves to the left, and when the tem- 
perature of the part between the jaws has 
reached 16200 F, 


the left to trip a relay which switches off the 


it has travelled far enough to 
current. The operator thereupon throws the 
clamping levers up, lifts the hot bar (with cold 
ends) out of the fixture and quenches it verti- 
cally in an oil bath at 80 to 1200 F. 
the clamps are released the movable head re- 


As soon as 


turns to its starting position, ready for an- 


other heat. 
Heat Generated Inside Steel 


Four of these machines of Ford design and 
construction are suflicient to harden 600 shafts 
to Rockwell C-15 to C-50 in an hour. They are 
conveniently spaced about one quenching tank, 
and one man operates two machines quench- 
ing and reloading one while the other is heating. 

Subsequent operations on the shaft include 
straightening, grinding the bearings, cutting a 
keyway and drilling for a cotter pin at one 


end, and threading the other. 


Since the heat in this “furnace” is generated 


inside the steel being heated by the passage «| 


electric current, and since this current flows 
from one jaw to another, there is no heating oy 
the ends which must remain soft for machini: 
Furthermore, the heating time is on the order oj 
10 sec. so there is little chance tor heat to flow 
endwise by conduction. 

When the current is first turned on the cold 
bar four hot spots quickly appear, one at each 


jaw. The glow rapidly extends toward the com- 
mon center, and when the piece is ready for 
quenching it is uniform in color across the gap. 
Excessive hot spots at the jaws indicate arcing, 
due to poor contact between jaws and _ stee! 
At such times perhaps twice a day — when 
there is danger of overheated spots and blisters 
on the surface of the shaft, the operator pulls the 
main line switch and closes the jaws on a hand- 
operated reamer, which clears away adhering 
scale. Jaws are made of a hardened copper 
alloy commonly used for electrodes on resist- 
ance welders, and are quite durable. 

M. D. Bowen, in Metrat Progress last May, 
has described a method of hardening the ends 
of rails in track to resist wheel batter. Other 
operations of spot hardening parts, like the cor 
ners of carpenters’ squares, by intense local 
heating by oxy-acetylene flame, may be observed 
occasionally. However, this job was probably 
the first application in mass production of elec 
tric resistance for localized heating for quench- 


ing. Obviously, this plan of differential hardening 


Shaft Ils to Be Hard- 
ened Mid - Length 
for Bearings but Re- 
main Soft at Ends 
for Machining, so 
Central Portion Is 
Heated by Heavy 
Electric Current 
as in a Resistance 


Welding Machin 
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recuires very rapid heating by very 
ise flames or mediums in order 
t! the surroundings will not be 


ted by conduction, 


Ou Pressure 


the second method of differ- 
al hardening involves heating 
the entire piece uniformly but 
quenching only the desired por- 


tions. One job of this sort at the 


Rouge plant is a camshaft; num- i 

bers of them are shown in the fore- S 2 

NS 

eround in the view on page 50. It “7 


will be observed that it has a flange 
on one end this flange is to be 
solt (Rockwell C-20) so it can be 
drilled after a treatment) which 
produces a Rockwell hardness of 
C-55 on the cams and_ bearings 
comprising the most of its length. 
Furthermore, quenching must be 
done in such a way as to minimize warpage. 

The steel used is known as “EEE select.” 
lhis is a medium manganese steel of the fol- 
lowing composition: Carbon 0.38 to 0.42°, , man- 
ganese 0.70 to 0.905, silicon 0.07 to Heat 
treated to 525 Brinell hardness it has the follow- 


ing physical properties: 


Ultimate strength 255,000 Ib. per sq.in. 
Elastic limit 245,000 lb. per sq.in. 
Reduction of area 60% 

Elongation 2% in 2 in. 


Camshafts of this sort were the first parts 
to be hardened in quenching machines devel- 
oped coincident with the use of medium man- 
ganese steels for crankshafts, driveshafts and 
camshafts. (As pointed out by Mr. MeCloud in 
the last March issue, these steels have good hard- 
ening capacity, in oil, water or caustic solution 

as required by the cross-section being 
quenched and have unusual resistance to 
illernating stresses, probably due to the uniform 


eradation of hardness, surface to center.) 


Rugged Quenching Machines 


Essentially these machines are powerful 
ps or rollers which hold the parts in correct 
‘icnment, meanwhile spinning them rapidly 
ii forcing the quenching liquid for an accu- 
timed interval on the particular sections 
d to be hard. Little or no straightening 
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Sketch of Quenching Fixtures for Rear Axle Housing. 
Oil spray from center cools thin end without cracking; 
caustic spray from outside then hardens bearing sur- 
face to C-56 minimum, leaving center of bore machinable 


is necessary on the shaft after such a quench 

The illustration on page 50 shows the charg- 
ing door of one of a series of identical Holcroft 
turret furnaces for heating camshafts to 1500) F. 
Cold shafts are laid on the hearth as it moves 
slowly past the open door; after being carried 
around a complete circle, they reach a door just 
behind the screen, are removed one by one and 
placed in the quenching machine across a nar- 
row aisle. The one shown at the right of the 
view was designed about six vears ago; recently 
others have been installed, much more rugged 
in construction, wherein the hot shaft is held in 
a horizontai position rather than’ vertically. 
Otherwise, the operations are identical. 

A better idea of the operation of these 
quenching machines may be had from the view 
on page 51, which shows a rear axle, just before 
the cooling operation starts. Imagine, for an 
instant, that the work is a camshaft, the enlarged 
end at the right. The hot shaft rests on knurled 
flanges projecting from two parallel rollers (one 
shown dimly at the rear) which turn constantly, 
being driven by end gears meshing with the bull 
wheel just inside the housing. The knurled 
flanges bear against round portions of the cam- 
shaft, and are cut with spiral grooves to avoid 
slippage and also to provide proper flow of 
coolant. 

Immediately above the hot bar to be 


quenched is a third roller with mating flanges, 
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which comes down and rests firmly against the 
hot spinning camshaft. It can be seen that when 
this occurs the camshaft will be held very firmly 
in line at six points along its length by rollers 
backed up by rigid castings. Warpage during 
sudden quenching is thus held at a minimum. 

In the machine shown the bearings for the 
two lower rollers are bolted to the flat surface 
of a hexagonal drum. This is pivoted at each 
cnd in trunions whose center coincides with the 
center of large gear wheels at each end. One of 
these is free, and turns constantly, so that the 
lower rollers and the shaft resting on them are 
spinning, no matter whether the drum is sta- 
tionary or rolling over. Another large gear 
Wheel is bolted to the other end of the drum 
and, by means of a pinion drive, rolls the drum 
over. As it moves, various other parts of the 
machine come into action through suitable cams. 
The upper roller, for instance, is swung down 
(to clamp the hot work) by side arms projecting 
toward the rear and ending in rollers cngaged 
in grooves cut into the end housings. Similar 
arms and rollers close the front housing of the 
machine, In the machine shown, when the 
drum rolls over, the hot shaft is clamped, spin- 
ning, and submerged in a caustic 
solution; when the cevele is com- 
pleted the drum automatically 
stops at the loading position and 
the upper roller raises itself clear 
during the last portion of the move- 
ment. The quenched work can 
then be removed, a hot piece put 
in its place and the evele restarted, 
One machine of this sort can han- 
dle 1600 parts per shift; a battery 
of three turret furnaces and three 
quenching machines has been in- 
stalled the camshaft depart- 
ment. Nine operators man the 
entire installation, 

It will be remembered that the 
enlarged end of the camshaft must 
be kept soft. Since itis heated uni 
formly with the rest of the piece, it 
must be kept from the quenching 
solution. This is done by provid- 
ing a pocket at the left end which 
fits the collar of the shaft neatly, 


and which keeps the solution out 
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during the brief time required to quench (|) 
shaft (approximately 12 sec.). This pocke! 
cup is split; one half is fixed to the drum, and 
the other half to the upper arm, the two mak ing 
a close, water-tight fit when the machine closes 
Bare clearance at the opening for the neck of 
the camshaft permits the latter to be spun in 
the correct manner. 

After quenching, the camshaft is immedi 
ately transferred to a barrel of cold quenching 
solution and hung vertically therein, with th: 
level of the solution just below the under sid 
of the flange. Here it is left until the hot end 
cools off an expedient necessary to avoid 
drawing the temper of the bearing and the cam 
near the end flange by conduction of heat from 
the latter. 

Little or no straightening is necessary, de- 
spite a grinding allowance on cam and bearing 
surfaces of 0.020 in. 

Quenching fixtures of this sort may be va 
ried in their action. For instance, submersion in 
the solution may be supplemented or even sup 
planted by jets of quenching fluid directed 
against regions desired to be extra hard. In 


fact, the early machine illustrated in the view 


Rotary Turret Furnace Heats Camshafts and Quench- 
ing Machine at Right Cools Them in Caustic Spray 
While Spinning Rapidly Between Clamping Rollers. 


Flange at end is protected and remains machinable 


METAL PROGR > 


| 
= 


page 50, wherein the camshaft is held in a 
tical position, operated entirely with sprays. 

e rear axle shown in the more recent machine 
ss a small stream of coolant directed at the 
ot of the gear, forged integral on the end. This 
tarts the cooling, and “softens the shock” of the 
suench at this point, where otherwise quenching 


racks would develop. 
Hard Outside, Soft Inside 


A desirable variation in hardness can lx 
secured by proper design of the quenching 
sprays. An interesting illustration of this prin- 
ciple is the method for hardening the rear axle 
housing of the Ford car. It is a tube with an 
upset flange near one end, and the tube wall at 
the very end is not more than half the thickness 
that it is nearer the flange. The problem is to 
harden the housing back as far as the flange 
(for bearing) to a minimum of Rockwell C-56 
without cracking the thin end. The inside of 
the tube should also be relatively soft. 

For this piece “EE steel” is used, as also for 
the rear axle mentioned below. It is a medium 


manganese steel of the same chemical specifica- 


Quenching Machine Holding Work (a Rear 
Axle Shaft) in Horizontal Position. Shaft has 
just been placed on lower rollers; upper 
roller comes down and presses tightly against 
spinning hot work as drum rolls over and 
submerges everything in quenching fluid 
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tions as the camshaft except the carbon is two 
points lower (0.35 to O.105. carbon, 0.70 to O90", 
manganese). Its approximate shape is shown 
in the sketch on page 19. 

This housing is hardened by heating the 
bearing end only in a evanide bath. It is then 
slipped over a fixture which sprays oil, from the 
inside, on the end of the bearing for 5 sec. up 
's in. from the edge. Since this section is of only 
about half the thickness of the rest of the beat 
ing, and is not to be hardened to maximum 
hardness, the oil quench is suflicient. It also 
prevents cracking. 

The piece is immediately transferred to the 
second spray quench caustic solution under 
pressure, striking the outside of the bearing only 
for a period of 15 sec. This hardens the outside 
of the bearing to a depth of about 0.100 in., while 
the inside surface remains relatively soft, since 
no coolant reaches the center of the bearing 
sleeve in this second fixture. 

Hardness tests are made on cach bearing al 
three places, satisfactory production ts 
maintained by the simple expedient of putting 
the kind of coolant where vou want it for the 


proper time. 
Drawing to Different Degrees 


Reverting again to the rear axle, shown in 


the fixture below. It is treated in a manner 


51 


= 
4 
4 
| 4 i 
— 


indicative of the third variety of differential 
heat treatment noted at the outset, namely, 
quenching uniformly hard all over, and = then 
drawing to different degrees. The axle is made 
of “EE steel,” a medium manganese steel of the 
same chemical specifications as the axle hous- 
ing. This shaft has a differential gear upset- 
forged on its end; the other or wheel-end is 
tapered. Three separate limiting conditions are 
to be met maXimum hardness for wear on the 
gear teeth, somewhat less hardness on the shaft 
to give good wear on bearings but tough against 
torsional stresses, and softer tapered end 
at the wheel hub which can be slotted casily 
for a keyway. 

Two-pass furnaces and quenching machines 
are utilized in the production of this important 
part. One trip through the heating chamber 
delivers shafting at 1450° F., ready for quench- 
ing. After being spun in caustic solution (10 
Beaumeé, at 8) FEF.) the entire gear has a sub- 
stantially uniform Rockwell hardnes of C-55 to 
C-7. 


nace conveyor, which on its return trip carries 


It is immediately transferred to the fur- 


the shaft sidewise through a chamber under the 
heating hearth. 

This tempering chamber is in fact a triple 
chamber, being divided by longitudinal parti- 
tions extending down from the reof and up from 
the floor, providing just enough clearance for 
the shaft. 
side, is heated by radiation from the heating 


One of these chambers, at the left 


hearth overhead, and sidewise from the other 
channels. Its temperature is 600 to 620° F., 
sufficient to deliver the gear hub at Brinell hard- 
ness of 477 to 512.) The central longitudinal 
passage has a heating clement in its floor which 
maintains a heat of 725 to 710° F. in the com- 
partment, thus drawing the mid-length of the 
shaft somewhat higher to a Brinell hardness of 
102 to 


heating element on its floor, which generates a 


The other end has a more active 


temperature of 900 to 950° F.. and softens the 
tapered end to 302 to 310 Brinell. 

The final half-tone shows one of the triple 
deck furnaces wherein radiation from the heat- 
ing hearth is used for the tempering operation. 
The part being treated, however, is the Ford 
Model crankshaft. 


about waist high, is the heating hearth. 


Here the lower hearth, 
Crank- 


shafts are pushed through from the far end; the 
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Triple Deck Furnace for Quenching and 
Drawing. Hot shafts are taken from lower 
deck to quenching machine, thence to holders 
on the chain belt which carry them up and 


hack to the furnace. The operator is about 
to remove a completely treated crankshaft 


shafts ride on rails whose projecting ends can be 
seen. Hot shafts are transferred by hand to the 
quenching machine at the right, and thence to 
the upper part of the conveyor just above the 
operators head. This conveyor chain carries 
them up, through a preheating hearth just unde: 
the furnace roof, thence back to the discharg 
end through a passage just over the heating 
hearth. Coming out the near end they are re 
leased by their carrier and drop down into the 
curved bracket. The second operator is show! 
lifting one of them aside to pass it on to th 
next operation. 

In conclusion, a safety-first note about th 
caustic solution may be valuable. At each 


quench tank there should be a bottle of vinega! 


and a pad of bandage in a small cabinet, so 
aman gets a drop of it in his eve he can neutral 
ize the alkali promptly. Quenching machines 
should be adequately hooded, to prevent splas 
and also to draw off steam; then such mino 
accidents will be rare. Prompt treatment wil! 


vinegar will avoid serious mishap. 
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Editorial 


NOWHERE is the changing 


meaning of the word metal- 


? Whar I. a 


Metallur ist 
o lurgist more apparent than 


in the automotive industry. At a recent meeting 
in Cleveland, T. H. Wickenden looked back to 
in Detroit, when W. P. Woodside organized 
the Fellow-Craft Club of 18 foreman heat treat- 
ers for the discussion of common problems, and 
he (Wickenden) and C. N. Dawe sat on the 
other side of the table to supply some scientific 
information now and then. The automotive in- 
dustry had become convinced that cars should 
be made of light, strong parts, and many were 
the resulting troubles. Some bright yvoung chem- 
ists and mechanical engineers were forthwith 
inpressed into the service, frequently with the 
litle of “chief metallurgist.” and as frequently 
resulting in a situation where the blind led the 
blind. 

Dictionaries, which record usage as of a 


cheration ago, say that a metallurgist is a man 


skilled in the art and science of ore concentra- 


nm, metal smelting and refining. He knows 
yout production, rather than consumption. Ob- 
ously, this is not a very good intellectual back- 
und for a trouble shooter in the forge and 


it treat department; nevertheless, no other 
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word seemed to be handy to distinguish this new 


technologist becoming so important to the con- 
suming industries. 

As vears have passed, the discrepancy be- 
tween title and function has increased, until the 
word metallurgist has come to mean “metal spe- 
cialist.” Of course, a person can specialize in 
one of a number of different phases of a subject, 
Which thought leads directly to the opening 
statement that this metal specialist has par- 
ticularly interesting and valuable functions in 
the automotive and related industries. 

When a large quantity of machinery ts to 
be produced wherein weight must be at a mini- 
mum, the highest skill is required both on the 
part of the designing engineer and the produc- 
tion man. Nevertheless, it is still true that the 
designer generally knows little about the shop 
man’s problems, nor does the shop superintend- 
ent do much more than marvel how a designer 
could think up something so difficult to make! 
The metallurgist (in the automotive industry, at 
any rate) is the one man in the organization who 
can act as a go-between, the one man who can 
interpret the production limitations of a metal 
or a machine tool to the designer, and can tell 
the shop foreman why it is necessary to make 
the part to the given specitications. 

Machinery in which weight saving is a small 
factor need not necessarily be crude in design, 
but crude design has a greater chance of operat- 
ing successfully under these conditions. The 
size of parts may be such that the localized 
stresses produced by undercuts, sharp changes 
in sections, and keyways in full sized shafts may 
be disregarded with impunity. The properties 
of the materials used may also vary over a wide 
range and vet the machinery will operate for a 
satisfactory time. 

How different is the story when minimum 
weight is essential! Stresses must be analyzed, 
generous fillets used, undercuts and threads on 
highly stressed parts avoided. Splines on en 
larged sections of a shaft supersede keyvways. 
The necessary rigidity of the part must be main- 
tained by clever design, since the metallurgist 
has not vet learned the secret of changing the 
modulus of elasticity of steel. These things con 
cern the designer. 

The shop superintendent must look out for 


other things: The finish of the part becomes 
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essential rough finish and scratches must be 


avoided. Sharp, tough metal must be cut at a 


high rate of speed. 

In turn, the metallurgist must aid ins the 
selection of metal which responds readily to 
heat) treatment deep hardening properties 
must be considered to insure uniform proper- 
ties throughout the piece and in every piece. 
Materials must be introduced capable of resist- 
ing high stress, great impact, and heavy wear. 
More than all, le must act as a go-between, 
across the gap from drawing room to shop. 

In this changing world, nothing seems to 
change faster than the information expected of 
the metallurgist. Tle is stillan expert in metals, 
but no longer does the term refer merely to a 
super-chemist an open-hearth plant or cop- 
per smelter. Tle has penetrated into all indus- 
tries where the discovery has been made that it 


vive attention to the metal being used. 


~ 


pavs to 
Somewhere in such a plant is a man who is 
interested in good metal as a raw material and 
What he can do with it. For lack of a better 
name, that man is a “metallurgist.” no matter 
What his other duties are. or what his. title 


implies. 


Conner W MEN who know 


something about the 
production of copper 
have noted the rising importance of the mines 
in central Africa until they have acquired the 
dominating position in the world industry. All 


of the recent plans for the “stabilization” of the 
copper market have awaited the acceptance by 
Union Miniere du Haut Katanga, because of that 
company’s ability to produce an almost over- 
Whelming amount of metal at the lowest cost. 

Few of them realize, however, that this sit- 
uation is the result of studies dating back nearly 
20 vears, and a development carried through in 


the middle of a tropical jungle. Tlow serious 


54 


were the difliculties may be guessed from {| 

statement that because of the nature of the o) 

the expense of fuel, the ineflicient labor, and 

distance from market, ore containing at lea 

11’, copper is needed before it could be smelt 

ina blast furnace at Katanga ata profit. (Und: 

the worst conditions to be met in the United 
States, ore containing approximately 5° could 
be smelted direct if it could be found!) 

Prior to the War the owners of the minin 
concessions in the Belgian Congo recognized 
that there was comparatively little of this extra 
rich Tt. ore available, vet there were untold 
amounts of ore containing about half as much 
This would be a veritable bonanza in America, 
but over there it was just so much rock. So 
they emploved an American metallurgist, A. | 
Wheeler, to show them how to work it. 

At that time there were three general meth 
ods in use for the treatment of low grade or 
deposits. Oldest was the method of water con 
centration, in jigs, tables, and similar machines, 
utilizing the fact that heavy mineral and lighte: 
vangue settle at different rates. Such methods 
gave Very poor Precoverys because the coppel 
compounds in these ores had about the samy 
specific gravity as the waste. Another rathe: 
recent method was flotation, whereby a partich 
of mineral was made to ride a gas bubble up 
into a froth, but since only sulphide minerals 
could in this way be floated (in the then stat 
of the art) and the African ore was entirely 
oxidized, this method was inapplicable. That! 
left the third alternative, which was leaching 

Even before the War leaching was being 
extensively applied at various places in North 
and South America to low grade oxidized ot 
roasted ores (less than 1%) copper). Usual pra 
lice was to fill a series of huge tanks with the or 
and allow a weak solution of sulphuric acid t 
percolate through, taking the copper into solu 
tion. A leached mass of ore would be washed 
clean of liquor and taken to the dump; the cop 
per was then recovered from the solution. 

Unfortunately for Mr. Wheeler, he found 
that the African ore contained so much clay 
like material that percolation-leaching was in 
possible, and the sludges could not be filtered 
There were no sulphide ores or sulphur with! 
a thousand miles with which to make the neces 


sary acid. Large quantities of electric pow 
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necessary, and none was to be had. No 

ilding materials were available, not even tim- 

her. No one in Africa had ever seen an ore- 
leaching plant, let alone operated one. 

That these all but insuperable difliculties 
were finally surmounted, and a self-contained 
leaching plant, tank house, acid plant, and fur 
nace relinery erected, capable of making about 
70,000,000 Tb. of copper a vear at extremely low 
cost, is a tribute to the resourcefulness of the 
\merican engineers and to the courage and 
perseverance of the European owners of the 
property. Tt was a happy combination of minds, 
for while we willingly concede that all Yankees 
ire Ingenious, few of our native business organ- 

tions would have the far-sighted courage to 
pursue steadily an expensive developmental pro- 
eram for 15 long vears. The result is a triumph 
of research, engineering, and finance over re- 


lractory nature, and the rewards are rich. 


After NEWS from. various 


schools and colleges 
Graduation 

offering metallurgical 
courses is generally that there is a notable in- 
crease the number of graduate students. 
These are men who have been working for a few 
vears, and, finding themselves out of a job in the 
present business depression, are going back to 
school, Itis a good way to avoid devastating 
mental depression, and the investment, if the rel- 


‘ively slight additional expense can be financed, 


Will vield handsome dividends in future vears. 

Reports also are to the effect that such stu 
dents are very apt pupils, as may readily be 
surmised. Each of them has found that the kit 
of general purpose tools furnished him during 
his four undergraduate vears needs certain addi- 
tions to fit the special line most attractive or 
most likely to offer future chances for success. 
The man, now more mature, Knows much better 
What he can expect from formal education he 
knows what he wants and goes after it and gets 
it. He is freed from the various distractions of 
“growing up” and can absorb information cor- 
respondingly faster. He has been long enough 
away from the sheltered life of college to 
appraise better the essential and discard the 
irrelevant. 

In short, such an adult student is so much 
better material than the average undergraduate, 
that it would be a move in the right direction to 
add one or two vears’ hard labor to the present 
entrance requirements of a graduate school. 

Contact between college students and indus 
try has been fostered for many vears and in 
many places by the so-called “cooperative plan. 
whereby undergraduates spend alternate months 
in school and at work in their chosen line of 
activity. In other schools teachers are constantly 
urging students to spend summers working 
rather than plaving or loafing. Llowever, sufli 
cient emphasis has never been placed on the 
desirability of an interim between graduation 
from college and cntrance into graduate school. 
On the contrary, those students who show any 
inclination to continue are cncouraged to do se, 
possibly for fear that once away they will never 
return. As a matter of fact. those who do not 
return would never be missed: those who do 
return would be vastly better fitted for the task 


of acquiring specialized information for a deti 


nite vocation, 
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American 


and Foreign 


Automotive Steel 


By THOMAS H. WICKENDEN 
International Nickel Co., 
New York 


ODERN DESIGNERS 


especially of airplanes, automobiles, trucks, or 


. 
tractors — require much information about the 
materials which may properly be used. Engi- 
neer-designers generally spend a great deal of 
time estimating the stresses in a working part 
ind molding its external form; the metallurgist 


Which will best meet the stresses, fatigue. 


Shocks, and wear. The metallurgist, if he is pro- 
erossive, is also a source of information on the 
cating and heat treating characteristics of 
‘i metals which may be chosen. 
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ist give him information about the steel or 


Metallurgists, therefore, continually work 
with the engineering department in all stages 
of the design to avoid details which are ex- 
tremely difficult to make in the shop. Thin 
walls, deep undercuts, or sharp corners (to 
mention only a few) may require constant care 
in the hardening room to avoid warping or 
cracking. 

A fund of data about the various steels and 
alloys is one of the prime assets of the expert in 
metals. Such figures may be secured in his own 
plant or laboratory, or from the steel producer, 
or from his technical society. Care is necessary 
in using all such figures, for his own figures may 
be derived from limited experience, the steel 
company’s figures influenced by selling enthu- 
siasm, and the society's curves from. undue 
conservatism. 

Even when a sincere effort is made to secure 
the unbiased facts it will be found that the re- 
ported physical properties of a given steel 
S.A.E. 3130, for instance 


very considerable degree by permissible varia- 


are influenced to a 


tions in chemical analysis, by grain size or orien- 
tation, by inclusions, by maladjustments in the 
heat treating equipment, and by the personal 
equation of the shop workman or laboratory 
assistant. The Society of Automotive Engineers 
has made some intensive studies in order to in- 
tegrate these various differentials into average 
curves or rather “bands”; bul this is another 
matter, itself worthy of discussion at length. 
Even though the last word will never be said 
on the matter of strength of materials, the pres- 
ent excellence of machine design is in no small 
measure due to the accumulation of suflicientls 
precise information to guide the metallurgist in 


making a reasonably good choice of metals. 
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Carbon steel will always find much use in 


machine parts where moderate strength and 
toughness are satisfactory. Parts of small sec- 
tion can be easily hardened by quenching in 
water, but it requires a high carbon steel and a 
drastic quench to secure ultimate strengths over 
100,000 Ib. per sq.in. in a 2-in. piece. This will 
probably crack the part unless it has a uniform 
cross-section, 

If the part has a considerable variation 
in section, itis advisable to make it of an alloy 
steel and quench it in oil On the other hand, 
if the shop equipment is limited to water tanks, 
use an alloy steel with low carbon. For instance, 
if water quenched, is necessary to 
vet the required strength, and the parts crack, 
SALE. S150, water quenched, may be subsituted. 
Or SALE. S155. quenched, will) give the 
strength without danger of cracking and the 
resulting piece will be much tougher. This is 


illustrated in the accompanving table. 


CARBON Vs. ALLOY STEEL, 2In ROUNDS 


| SAE 1095 | SAE 3130 | SAE F155 
que from 15 P5 or IS5OF 
in Meter | | 
| Kesulting Properties | 
Ultimate strength 116,000 10,000 118,000 
held point 77,000 | 
flongetion a2 21% 
Reduction of area 56% 62% | 60 
5rinell hardness 255 243 2357 
[20d impact 15 75 | 0 


As a guide to the selection of steels for 
heavy section, the table on page 59 has been 
prepared, showing Brinell hardness number, 
corresponding strengths of recommended steels, 
and the quenching medium for different diame- 
ters of section. The steel noted as NiCrMo in 
that table has the following analysis: Carbon 
0.385 to nickel 1.75 to 2.005), chromium 
0.60 to and molybdenum 0.30 to 

This nickel-chromium-molvbdenum steel is 
gaining considerable favor for use in heavy 
parts, such as rear axle drive shafts of trucks 
and buses. Typical properties of bars heat 
treated in 3-in. sections by quenching in oil from 
1925) FB. and tempering at 900 to 950° F. are as 
follows: 190,000 Ib. per sq.in. ultimate strength, 
165,000 Ib. per sq.in. vield point, 12.55) elonga- 
tion, 50°. reduction of area, 115 Brinell, 27 ft-lb. 


Izod impact. 
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No discussion of automotive steels wor 
be complete without reference to those used 
gears. Gear steels occupy a field of their « 
and it would be impossible to give more t! 

a very meager discussion in a short paper. 

There will always be considerable diff. 
ence of opinion regarding the relative merits 
of oil hardened and case hardened gears. | 
former have lower cost to recommend. thom 
while the latter have greater toughness and 
resistance to wear. Nickel as an alloving el 
ment increases the toughness and decreases thy 
sensitivity to variations in quenching tempera 
tures. This is brought out in the following data 


for stecls oil quenched and tempered at 0. | 


TOUGHNESS OF HEAT TREATED GEAR STEELS 


No. Analysis | | Brine 
| PLL. 4 | 
C 047 | 1475 55 tp 60 | 4b to 
| 5145 > 090 | 1600 | 306 40 by 
| 70.90 | ( 
| | | 050125 | 51d b 
| 100 55 008.0 | 514 to 
r 
| CY | 
2345 40 | 125 14, 16 5 D205 
| | w 338 1600 | 5 | 


Inspection of the above figures for nicke! 
stecl shows that full hardness is developed a! 
low quenching temperatures, and that) ove: 
heating SALE. 8415 and 2345 has small effect o1 
the impact strength. 

Formulas for figuring the strength of geat 
tecth are of small use for determining the siz 
and permissible load of automotive gears, as 
the strength of the tooth is not so much a facto! 
as its capacity to resist wear, When the uni 
pressures on the tooth are sufliciently low to 
avoid pitting the face and to avoid rapid wear. 
the gears are generally sufficiently strong 
made of an inherently tough steel. Case hard 
ened steels with their high surface strength and 
hardness may carry greater unit loads on Uy 
teeth than can oil hardened gears. 

Unit pressure at the point of contact ! 
tween two gear teeth may be determined mat! 
matically, but the question immediately arts: 
“What is the allowable stress for proper lt 

lam of the opinion that pitting on a ¢ 
tooth is a surface fatigue failure due to repeatod 


stressing above its endurance limit in comp! 
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». If this is true, the 


STEELS FOR HEAVY SECTIONS 


lowable pressure 


Physical Requirements | 


ould be a function of at Mid-Section Steels and Quenches 
e endurance limit on Hardhess| Ensie Sheath | thle | | 
“ve ‘ - 
| | 
187 to 212 | 90 100000 | 1035 WwW | 1005 | 5140 
ro to a maximum 3130 2340 0 | 054) 
ilue in) compression. €l2 to 2B | 100 115,000 3/40 
Most of the available | | 
data on endurance limit 208 to BBE. | 15 tp 130.000 30 140 0 | 3145 
ire. from. experiments ( 
£05 to | 1350 150,000 0 
WS 
ites tension and tp | 150 to 170000 $340 
ompresstron, OF IS 
J65 to GO! | 170 0190.000 | JMO | 
stressed under various 
OM OM. 
mmounts of tension. It 
has been assumed that 
the endurance limit under compression follows tent service these values have been used and 


the same general laws and is of the same order 


of value. Available data indicate this to be true. 


For insianee, an oil hardened gear stecl ot 
SALE. 2550 or 3250 analwvsis will have a Shor, 


hardness of about 72 or a Rockwell hardness 


of C-52. This corresponds to a tensile strength 
of about 270,000 Tb. per sq.in. and an endurance 
limit under alternating stress of about 115.000. 
\s the stress at the tooth contact is in one direc 


tion, being from zero to a maximum value. the 


endurance limits under this condition would 
he about JO ereater, or 735.000) Tb. per sq.in, 


Dividing this by a correct factor of safety will 


vive a suitable designing stress. 
On the above assumption, gears for passen 
er cars in intermittent service should have a 


atimum unit surface stress on the order of 
to 165.000) Th. per Sq.in., and for trucks 
1oW.000. (Continuous service conditions require 
somewhat lower figures.) 

Case hardened gears commonly test between 
Shore hardness, which corresponds to 
surface strengths of 315.000) to 320.000) Tb. per 
“pin. Fatigue tests by Woodwine (Carnegic 
Scholarship Memoirs, 1921) on rotating carbu- 

zed specimens with the core removed showed 
idurance limits of 131,000 Ib. per sq.in. for the 
isc on S.ALE. 2315 and 143,000 Ib. per sq.in. for 
S.A.E. 2512. 


'ress from zero to a maximum value the endur- 


e case on Under compressive 
ce limit on the case hardened surface would 
on the order of 200.000 for S.A-E. 2315 and 

1.000 for SALE. 2512. 


For automotive transmissions with intermit- 


ARCH, 
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figured on the stresses from maximum cngine 
torque. For trucks, tractors, or passenger cars 
under constant service conditions, a suitable fac 


be In 


these values IT have been advised by the metal 


tor of safety should applied checking 


lurgist of a truck company that 5°. nickel case 


hardened steel transmission gears have given 
satisfactory wear when the unit: load on the 
tooth contact CGigured from maximum engine 


torque) did not exceed 225.000) Ib. per 


whereas at 210.000 the gears pitted rapidly. The 
actual loads, of course, were intermittent and 
would not reach these values, as there was 


no allowance for friction losses 


Foreign Automotive Steels 


In checking over the specifications of for 
eign cars, one is impressed by the lack of unified 
stec] specifications, such as we have with the 
S.A.LE. series. 


especially in England, to standardize the steel 


efforts are being made abroad, 
practice. Recommendations of the British Engi 
neering Standards Association are given in the 
table on the following page. 

Foreign cars use more allov steels than is 
in) on 


the usual 


heavy duty units. 


practice this country except 


Abroad one notes a general 


tendenes to use steel of lower carbon and 


vreater alloy content. 

For instance, front axle centers, connecting 
rods, and crankshafts on passenger cars (which 
in 


are generally water-quenched carbon steel 


this country) contain O.410°, carbon and 0.75 to 
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100°, nickel. This practice improves the hard- 
ening power of the steel, so that these parts are 
oil quenched. On heavy duty jobs 3.0% nickel 
or nickel-chromium steel is used. 

Steering knuckles in this country are typi- 
cally S.A.E. 3150 water quenched, or 3135 oil 
quenched; abroad the trend is toward 3.5% 
nickel or a nickel-chromium steel similar to 
S.A.E. 3435 oil quenched. 

Foreign transmission gears show a wide 
variety of practice. Case hardened gears of 3.0 
to 3.0% 


sis of nickel, chromium are found. 


nickel, 5.0% nickel, or the Krupp analy- 


Oil hardened gears are commonly made of steels 
containing 0.28 to 0.35%) carbon, nickel, 
and 1.0 to 1.25°) chromium. For heavy duty the 
nickel is increased to 3.0%. 

One practice not used in this country is the 
manufacture of gears from air hardening steels. 


A typical analysis is carbon 0.306, nickel 38.506, 


and chromium 1.50 to 1.75‘. ; molybdenum (0.1 


to 0.25°7 ) is added for the highest results. Thes, 
gears are hardened by heating to 1600° F., coo! 
ing in air, and tempering at 400° F., and show 
Brinell hardness close to 500. One interesting 
variation by a French car maker is to carburiz: 
this steel 0.005 to 0.010 in. deep, and harden by 
removing the gears from the carburizing box 
and cooling in air. 

Rear axle pinion and ring gears are usually 
case hardened, although air hardened ring gears 
are used. 

For rear axle shafts 3.0% nickel and the oil! 
hardening chromium-nickel steels are common. 
For heavy duty work the air hardening steels 
are used. In large diameter shafts a steel con- 
taining 0.30°. carbon, 4.00°) nickel, 1.257 chro- 
mium, and 0.20', molybdenum, air hardened 
and tempered, gives a strength close to 200,000 


Ib. per sq.in. 


BRITISH ENGINEERING STANDARDS ASSOCIATION SPECIFICATIONS 


| Chemical Analysis Physice/ Properties 
> 
| S =< | & 
~ ~ S it F 
S Q S = S 3) 5 Qe 
> 75 May rocker spindles 
the 3% nicke/ case 10 %\005\ lo \030 100 155.000' 18 | 45 | Refine PUMP ROUSING Geer, 
heraening stee! | 060 WQ. 14209 magneto 
UC 4, to 
Ta) IN: 
3 heroening fo 95,000 190. 000' 15 | & WO wheels, bevel! DINIONS. 
0.15 55 eccentric impeller gears 
) 26 24) 
O55 050 525 | Mex OQ. @m sheft gear, propeller 
| idke/stee| to \0.05\005| \03 125,000 V45,000| 16 | 50 | 35 | to |, 955 | crankcase bolts 
Crank shot t, impeller 
15, 000Ib Q25 $5 \050 24) 2Q. propeller hub bolts 
| to \0.50\ to |\0.05\0.05| | 125\065)| 10 75,000 '\145,000' 18 50| 4 bo bo 225% valve weshers, 
stee. OR 0.70 Optione studs, cylinder heed 
shrink Lend. 
chramium stee/ to \0.50| to | \025\065) 55,000 \155,000| 18 | 50 to 
for crankshaft \0. 55 070 10 5, | 
£8 romium| to \050\ b | O65) 1. 25,000, - '5 rank Gears. | 
stee 10.32 060 45)\15 Optione 
S64 4 4 30,000 100000 25 4) 0 NT less ban 
150, 000 lb. LZ? 275 \ 
28 65 J5 14 lotione: 
an-corresive \020\0.60\ 0.6 0 110,00 Hera roller 
stee 100\20 Zin. diam) | 
high Nicke Max Mar Min. | Min. LO 17050 
| onromium stee/ he) 0 15 9 0 4 b halves | 
tr rakes | 
for tubes 050 A UUSCAM 3 75 toct (Moto and 


Note : Hatten bill sides of tube are senarsted by nat more then 8 times tuckress of wallor 7a” bore whichever the seller 
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Acid-Resisting 


Metal Used For 


Pickler’s Racks 


By D. E. STAMM 
ma J. WEAVER 
Weaver Bros. Co. 


Cleveland 


REVIOUS ARTICLES BY 
one of us dealing with pickling, which have 
ippeared in Procress from time to time, 
have discussed the subject generally. This article 
ill also refrain from specific details and defi- 
te recommendations as to the best method of 
doing certain things or the best material to use 
individual applications. The subject of han- 
ig equipment is so wide it prohibits the mak- 

4 of definite recommendations unless definite 
‘a on the surrounding conditions are also 


tilable, since almost every plant has its own 
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unique requirements. This article therefore will 


describe several styles of baskets and designs of 
carriers which may be made of different kinds 
of acid-resisting metal. 

Once upon a time, pieces which were to be 
pickled were sprinkled with acid and scrubbed 
with brooms. It did not take a very ingenious 
man to find a better way than this; he built a 
tank for the double duty of holding the pickling 
solution and the work to be pickled. The proc- 
ess was simple. Forgings or other pieces were 
thrown into the tank, which was then filled with 
water and acid. After the scale was dissolved, 
the plug was pulled and the liquid drained. Per- 
haps the forgings were then sprayed with water 
to rinse them off, perhaps not; they were then 
taken out of the tank. No baskets or other han- 
dling devices were used. 

It is quite obvious that such a procedure 
was expensive because some active acid was 
wasted, because much labor was consumed in 
handling the metal, and because uniform clean- 
ing could not result from such a hit-or-miss plan. 
However, it was representative of ordinary con- 
ditions for several decades and is the big reason 
why pickling has always been considered such 
a dirty, messy, sloppy job. 

An important innovation was the introduc- 
tion of wooden trays or racks to carry the pieces 
to the acid, hold them while they were being 
pickled, and lift them from the acid tank to 
wash tank, and on out to the next department. 
These archaic wooden baskets have stayed in 
the pickie room much longer than any other 
class of ancient machinery has survived in the 
rest of the manufacturing plant. Picklers still 
use them because they believe the original cost 
is quite low, and even though they last for only 
two to four weeks, they are therefore cheap. 
Such reasoning is entirely crroneous, 

If the labor of making the baskets is figured 
and to this is added the cost of the wood, the 
copper nails or other acid-resisting bolts, tie 
rods, and pieces which hold the trays together, 
a surprising figure will result. An instance can 
be drawn from a forge plant, very modern in 
every department except in the pickling house, 
where wooden baskets had always been used. 
The pieces to be handled were very heavy, and 
since the forgings were thrown into the baskets, 


these lasted only a week. A year’s supply cost 
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So500. For an investment of $1600 the company 
secured a supply of acid-resisting baskets which 
lasted well over a vear, and made a saving of at 
least 83700. 


it is doubtful whether everyone using wooden 


While this is an extreme case, and 
baskets can save 200° a vear by buying metal 
pickling baskets, we are quite sure that the sav- 
ings will indeed be notable if the proper type of 
handling device is used. 

that 


They 


There are other items which prove 


wooden baskets are not worth their salt. 
are bulky and cumbersome. They take up more 
room in the pickling tank than they should and 
the 


lo make wooden baskets with open slats, since 


down load. It is impossible 


thus cut pay 


any openings cul’ down on the much needed 
strength. Last but not least, wooden trays are 
treacherous because the strength of the wood 
liber is gradually destroved by the acid and no 
one can tell when the life of the basket is gone 
and just when an accident is apt to occur. A 
safety department should not tolerate the pos- 
sibility that a basket might come apart while 
suspending a load above an acid solution. 
With the advent of such a variety of acid- 
resisting metals, there is small excuse for retain- 
ing wooden trays and they are rapidly being 


replaced by containers made of fabricated rolled 


metal or cast metal. Whether they be of ri 
eted, welded, or cast construction, they are 
every way superior to wood. They can be mad 
of much lighter sections, which permit) mo; 
open work with an ample margin of safet 
They also last far longer. 

Different plant conditions, which inelud 
the general design of the pickling departme: 
and the nature of the material being pickled. 
Stec! 
mills, which pickle sheet and strip steel, requir 
A figury 


shows a monel metal crate used for such pur 


will dictate the type of basket to be used. 
very stout and stiff baskets or carriers. 


poses in first class condition after six vears’ 
service. Monel or cast bronze chain slings ar 
most generally used to pickle bars, pipe. o1 


seamless tubing. 


Drop Bottom Baskets 


if moderate-sized drop forgings are being 
cleaned, it can be done in several more or less 
standard designs of crates fabricated of bars 
new 


and small structural shapes. A type ol 


basket has recently been designed by a_ pro 


gressive drop forge plant, incorporating a drop 


) ears 


Monel Metal Crate Used Six 


in Pickling Department of Strip Mill 


om for quick unloading. Unloading a basket 
been more or less laborious, but the basket 

wh in the figure works very well and is ex- 

iont for pickling small forgings. 

Another company which” pickles brake 
ims after they have been stamped and an- 
ded. finds that a crate such as is shown in 
other figure serves the purpose extremely 
i. It was designed so the pieces could be 

kept separate from each other, vet may casily 
be loaded and unloaded. Of course, this gen- 
eral design could be used with litthe moditica- 
tion wherever a large number of similar picces 
of moderate size are being treated. In all such 
baskets, particular attention should be given to 
the necessity that the solution should come in 
intimate contact with all pieces, so the metal 
at the end may be absolutely clean, without any 
unpickled portions remaining. 

This aim is achieved when handling small 
or cup-shaped forgings by building a reinforced 
wire basket with a cover which can be latched 
down and the whole basket can then be rotated 
onside trunnions so the acid solution will be able 
lo reach indentations quickly and easily. Bas- 
kets which are to hold small, comparativels 
light pieces must have wire mesh sides, or the 
slats fairly close together. Particular emphasis 
should be placed on the method of emptying 
these baskets. If the container is hung from a 
baillike a bucket, it can easily be dumped. Slid- 
ing end-gates or drop bottoms are also useful. 

Baskets such as are used to a very greal 
e\tent in the porcelain enameling field are vers 
satisfactory for light steel pieces or light stamp 
sections. A series of T-bars with serrated up- 
Standing legs forms the bottom of such a basket, 
ind each piece is set over or between the teeth 
of these “combs.” 


\nother handling problem presents itself in 


he wire industry. Coils of wire rod are heavy 
up to 200 Tb. and if stacked flat the strands 
pack tightly and exclude acid from some of the 
ris. Yokes or “hairpin hooks” have therefore 
n largely used; coils are hung over them and 
rods dangle more or less freely. Such hooks 
usually made of a cast bronze, because that 
‘alis much cheaper than a forging made of 
‘resisting chromium-nickel alloys. 
\ll the handling devices spoken of and 


nin the pictures are heavy enough when 
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Basket of Modern Design. Made of corrosion- 
resistant metal, open for free acid circula- 
tion. Has drop bottom for quick unloading 


loaded to require cranes, hoists, or some me 
chanical lift. Of course, there are some opera 
tions on small parts or of small volume which 
can be done by hand. Common wire mesh bas 
kets, reinforced with heavy rod at top and bot 
tom edges, and with upstanding handles at thy 
end, serve very well. 

Cast bronze or rolled monel metal are the 
only two metals mentioned so far, but those ar 
not the only ones which are used in the pickling 
department. There are several trade-marked 
bronzes on the market today and cach has its 
particular points of superiority. Monel metal is 


one of the first metals to be used for acid resist 
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ing work in the form of rolled bars, rods, and 
plate. It is an alloy well known to picklers, and 
has given an excellent account of itself. 

Within the last few vears, various acid- 
resisting ferrous alloys have come to the front; 
all of them have a high percentage of chromium 
and some have a high precentage of both chro- 
mium and nickel. Chromium alloys are used 
quite successfully with nitric acid. “Duraloyv” 
(high chromium-iron) was one of the first: ot 
these new alloys to be so applied. “Durimet” (a 
chromium-nickel-silicon alloy) has been used 
with success in straight sulphuric acid. This 
combination makes one of the few ferrous alloys 
which will stand up under such conditions. 

Copper has long been used for pickling in 
sulphuric, but it is not a very strong metal; a 
litthe copper may also enter the solution and 
Frequently, 

Naturally, 


the life of copper equipment will not be as great 


sometimes it plates on the work. 


this copper plate is objectionable. 


as some of the stronger and stiffer metals men- 
tioned above. 

Sometimes mixtures of muriatic acid and 
nitric acid are necessary for pickling.  “Ni- 
chrome” (nickel 60°), iron chromium 15°, 
approximately) is undoubtedly the most satis- 


factory alloy for use in such solutions. It is not 


widely used because of its high price, but as ay 
acid-resisting metal it is one of the best. 

Rather recently, it has been possible to de- 
posit rubber on steel so it will adhere stronely. 
and this gives a basket with the stiffness of iroy 
and with a protecting cover of rubber. Such, 4 
basket should find use in muriatic pickling, as 
muriatic or hydrochloric acid seems to be the 
most corrosive on any of the above-mentioned 
metals. It is to be understood that while the life 
of the acid-resisting metal would be much lone; 
than steel in such a solution, its life is not as 
great as it would be in sulphuric acid. Recently, 
an alloy of iron, nickel, and molybdenum called 
“hastellov” has been described as resisting dilute 
hydrochloric acid indefinitely. 

Racks or baskets made of an acid-resisting 
bronze are cheaper than those made of rolled 
monel metal or rolled durimet, vet. the first- 
mentioned has a shorter life. The strength of 
rolled metal is usually much greater than that of 
the cast metal, and consequently lighter pieces 
of bar or rod can be used without sacrificing 
strength. This means that less metal is used 
and consequently the cost of the basket is re- 
duced. So it is not hard to understand why 
some companies swear by cast bronze baskets 


and others by rolled monel baskets. 


Pieces Which Hlav 
a Tendency to Nest 
or Which 
Cup - Shaped De- 
pressions Should 
Racked, Held ny 
Comb - Teeth. 
Tumbled During 
Pickling, to Be Sure 
That Acid Reacies 
Freely All Parts 
of the Surface 
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REG. 


more ways of reducing cost 
factors by using the strong 


y alloys of Alcoa Aluminum 


These are cost-reducing days— 
days when speed, accuracy and 
power-economy are writing suc- 
cess on cost sheets—days when 
surplus dead-weight and needless 
upkeep are banned by industry. 
These are days for the strong 
alloys of Alcoa Aluminum! 
Ease of handling, for instance, is 
evident in the regulation-size 
skid platform shown here. It 
weighs only 65 Ibs. yet supports 
a load of over 8200 lbs. 

Lower repair costs will pay divi- 
dends to the owner of the motor- 
driven pump (above). It ismade of 
Alcoa Aluminum which does not 
rust. And think of operating ex- 
penses saved by the 1900 |b. mine 
cars of Alcoa Aluminum whose 


steel duplicates weigh 3000 lbs! 
Before you design a new product 
or redesign an old one consider 
the advantages of Alcoa Alumi- 
num. Parts made of Alcoa 
Aluminum and its light, strong 
alloys can readily be forged, cast, 
welded, joined, machined and fin- 
ished. Cost is low, on a par with 
other metals not having quali- 
fications of Alcoa Aluminum. 

Large warehouse stocks in prin- 
cipal cities enable us to fill your 
orders quickly. Write for the 
name of your nearby distributor. 
On request we will be glad to 
send you the booklet, “Alcoa 
Aluminum and Its Alloys.” 
ALUMINUM COMPANY of AMER- 


ICA; 2601 Oliver Bldg., PITTsBt H, PA 


The ideal metal fo collapsible tubes 
Alcoa Aluminum meets the demonds for the 4.9 


pliability needed in collapsible tubes. The ster'!- \ 
zed tube fokes decoration easily while the 
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Relation Between Slag Analysis ang 
Manganese inthe Bath 


When Temperature is 2W00F 
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REIBERG, Germany More and more the 

importance of the melting procedure with 
respect to the quality of the finished steel has 
heen recognized in recent years. Especially 
since 1926, after the joint session of the Faraday 
Society and the’ British 
Iron & Steel Institute rela- 


tive to the physical chem- 


Partition of 


M 
am istry of steel production, 


SL. to S..-l an attempt has been made 

to discover how far the 
reactions between steel and slag in the open- 
hearth process follow the quantitative laws of 
chemistry. These investigations have centered 
in the United States, on account of the compre- 
hensive work of C. H. Herty, Jr. and his co- 
workers, but recently these questions have also 
been widely discussed in Germany. 

Varticularly notable is the work of Ober- 
lofler, who attempted to solve the problems 
relative to deoxidation of the bath and of a cor- 
rec! method for determining oxygen. A paper 


ehilied “Zur physikalischen Chemie der Man 
s!srcaktion, ihre Beeinflussung durch Bad und 
Mi 1, 1932 


Schlacke” (On the Physical Chemistry of the 
Manganese Reaction Its Influence on Bath and 
Slag) was later published by the undersigned. 
This paper, which discussed the fundamental 
influences of the different slag components, was 
supplemented by “Zur Frage der Manganreduk- 
tion bei der Stahlherstellung” (Reduction of 
Manganese During Steel Production) in which 
the deduced physico-chemical relationships are 
set forth in their commercial applications. 

In order to determine the equilibrium of the 
reaction which is most important metallurgi 
cally, that is, 

FeO Mn = MnQ 
a large number of slag analyses were obtained 
from the literature as well as a great number of 
our own (taken simultaneously with steel sam- 
ples). These were then evaluated according to 
various viewpoints, and it was possible to de- 


duce the equilibrium constant Kk of the equation 


MN (Sieg) 

as it varies with the silica and lime content of 
the slags ordinarily met in the acid or basic 
open-hearth process. These mutual relationships 
for basic slags at 2900) F. are shown in the 
curves at the lower right-hand corner of the data 
shect opposite. 

The influence of other components of the 
slag upon the constant kK was interesting. Only 
when MgO exceeded 10° was it displaced to- 
ward lower values. ALO, showed a compara 
tively slight influence and displaced K toward 
higher values when the slag contained little 
SiO,, and to lower values when the slag con- 
tained much SiO... P.O... practically without 
influence up to a content of 3°, displaced K 
markedly toward lower values when the slag 
contained more than 3°. 

Manganese, among the components of the 
metal bath, showed no influence on K up to 
jo'.. (Our studies established the validity of 
the ideal law of mass action within this range 
for the first time.) Neither could we discover 
any influence of carbon up to 4%. On the other 
hand, increasing contents of silicon and phos- 
phorus resulted in a considerable increase of the 
value of kh. 

A marked increase of K with rising temper- 
ature was calculated for pure slags, consisting 


only of FeO and MnO, The manganese reaction 
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in slags high in CaO and SiO, is less sensitive to 
temperature, as judged from plant analyses. In 
the presence of acid slags of more than 50°, 
SiO.,, decreased with rising temperature. 
Inasmuch as a knowledge of the equilibrium 
constant does not establish directly the distribu- 
tion of manganese between metal and slag, we 
further investigated the influence of operative 
conditions, such as the manganese content of the 
charge, volume of slag, and oxidation loss. This 
resulted in the following relation for the manga- 
nese content of the metal, which is independent 


of the total weight of the charge: 


(K-74 = fe 

In the above equation, Wn represents the 
manganese content in the metal bath in per cent, 

A is the equilibrium constant corresponding 
to silica and lime analysis of the slag (lower 
right-hand diagram, page 66), 

ais the manganese content in the charge in 
per cent, 

b is the amount of the slag at the moment, 
in per cent of the weight of the metal bath, 

R is the sum of the per cent iron and the 
per cent manganese in the slag, 

Dis (100 d) — 100, where 

d is the oxidation loss in per cent of metal 
charged. 

According to the above equation, the slag 
composition, manganese in the charge, and the 
slag volume are of considerable influence on the 
Inanganese content of the metal bath; the influ- 
ence of temperature (within operating limits) is 
very slight, as was shown by further calculations. 

Curves on page 66 show how this equation 
may be plotted for practical use, when making 


certain assumptions chosen to represent average 
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conditions for given operations. For instance. 
the family of curves at the upper left shows {hy 
relation between the amount of slag, the manya- 
nese in the charge, and the manganese in the |ath 
when the slag contains approximately 45° CaQ) 
and 25°, SiO., the oxidation loss has been 5 
and the temperature is about 29007 F, 

The curves in the center of page 66 shoy 
the relation between slag analysis and manya- 
hese content of the bath for the following 
assumed conditions: manganese thy 
charge, oxidation loss 5‘,, and weight of slag 
10°, that of the metal. Under these circum 
stances, the percentage of manganese in the slay 
will be 10.53 minus 10 times the percentage of 
manganese in the bath. 

Obviously, the open-hearth metallurgist can 
compute and plot similar curves for ready ret 
erence for any other set of conditions prevailing 
in his furnaces. 

The requirements for the reduction of man 
ganese (which is considered advantageous met- 
allurgically as well as with respect to plant 
economy) should now be completely claritied 
The correlation between the course of the reac- 
tion, the composition of the slag, and the quality 
of the molten steel is a matter for future investi 
gation. In facet, decisive relationships of this 
kind were determined, at least qualitatively, b) 
an investigation of twelve charges for tube stock 
described in the first-named paper. 

Ep. Maurer 
W. Bisco 


URIN, Trany Properties of electrodes 0! 
natural graphite, now being manufactured 

in Italy in large tonnages for steel furnaces. 
are somewhat different from those of th 
artificially graphitized electrodes used in cthe! 
countries by the grea! 


Savings Due to majority of — metal 
lurgists. 
E lectrodes of It will therefor 


Natural Graphite be interesting to giv 


some informatio! 


concerning the properties of natural graplul 


clectrodes, since such facts will determine tly 
technical and economic advantages when tl 


selling prices of the different types of electrodes 


are taken into account. 


ess 
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Electrical properties — Resistance per meter 

ne square millimeter section does not exceed 

i) ohms. Current density used with these elec- 

trodes runs normally between 16 and 18 amp. 

per sq.cm., Which is amply suflicient for the fur- 

ices used at present. Higher current densities 
in be used. 

Combustibility is practically the same as 

The oxidation 


that of graphitized electrodes. 
temperature in air is about 850° F, 
Vechanical properties —— Resistance to bend- 


ing is between 1500 and 1650 Ib. per sq.in. of 
cross-section; for graphitized electrodes this 
varies between 1000 and 2400 Ib. sq.in. 
fhe hardness of natural graphite electrodes is 
slightly lower than that of graphitized elec- 
trodes. While this difference does not affect 
the behavior in any way when in operation in 
the furnace, it might cause some trouble when 
connecting two electrodes. During this process, 
the friction on the serews produces a small 
quantity of powder which might interfere with 
a perfect connection; any inconvenience in this 
respect can easily be avoided by carefully clean- 
ing the screws with a jet of compressed air. 

Behavior in the furnace All other con- 
ditions being the same, the consumption of 
natural graphite electrodes is about 20°. more 
than that of graphitized electrodes. This figure 
is based on a wide experience, extending over 
many vears and with many types of furnaces. 
lhe excess loss arises partly from a slight excess 
of combustion and partly from breakages, due 
lo insuflicient attention given to the proper treat- 
nent of connecting screws. 

Excepting for this higher consumption, the 
ltalian electrodes have always given results as 
good and as regular as those obtained with im- 
ported graphitized electrodes. Under these con- 
ditions, it is evident that the convenience of 
using them depends principally upon the price. 

Now, although the cost of the raw materials 
(natural graphite) used for these electrodes is 
Higher than that of materials (anthracite or 
petroleum coke) used for the manufacture of 
sraphitized electrodes, vet the final manufac- 

4 cost of the former is 35 to 10° less. This 
sreat difference is due chiefly to the fact that the 
manufacturing process does not include the ex- 
vensive operation of graphitization. The lower 


pl means a final saving of 15 to 20°., even 
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when the higher rate of consumption is taken 
into account. 

Another important advantage of the natural 
graphite electrodes, especially for the modern 
steel furnaces of very large sizes, lies in the fact 
that these electrodes can easily be manufac- 
tured up to very large diameters (20 to 21 in.) 
without increasing their cost per ton, and with- 
out the slightest change in their good qualities. 

Fepenico 


ARIS, Franet 
small quantities have been found by more 


Impurities in metals in very 


and more searching and precise methods of 
chemical analysis. Preparation of samples of 
purer and purer metals has indicated the influ- 
ence of very small quantities of elements whose 

presence was formerly 


I ; unknown or whose in- 
mpurities in 


Metals, Known 
Unsuspected 


fluence was overlooked 
while attention was cen- 
tered on some others, 
better known. This ob- 
servation may be paralleled in the world of 
medicine: Physicians discover new diseases or 
new remedies in proportion to the amount of 
research or as its quality improves. 

It is known, of course, that catalysers are 
“poisoned” (become ineffective to influence the 
desired chemical reactions) by infinitesimal 
doses. For example, HCN poisons platinum 
sponge if as much as 0.000000 13°) is present! 
Aside from these extreme examples, it is beyond 
doubt that very small quantities of impurities 
can exert a notable influence on some properties 
of metals. It can therefore be predicted that as 


the usual impurities are eliminated from com- 
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mercial metals, we will be able to modify pro- 
foundly some of the usual characteristics. As 
an example may be cited the influence of some 
gases, such as hydrogen and nitrogen, on the 
critical points of iron, 

But it would be a great error to consider all 
“impurities” as detrimental, or as having an 
The effect is 


very variable; it depends upon the impurity, the 


influence of similar importance. 


metal, and the property under consideration. 

Generally, the non-additive properties (that 
is, those which do not follow the rule of mix- 
tures, such as clectromotive force of solution, 
corrosion rate, electric conductivity, and con- 
duction of heat) are the ones most sensible to 
the effect of impurities. However, a distinction 
must be made according to the state in which 
the impurities exist. 

In the first place, if the “stranger” clement 
is in solid solution in the metal, it will have the 
greater influence on electrical conductivity the 
farther it is removed on the periodic sequence. 
Bosshard used this general rule to determine the 
influence of unsuspected impurities, such as 
traces of titanium in aluminum. Vanadium also 
should be mentioned; its atomic volume and its 
position on the periodic table of clements are 
close to titanium. Amounts as low as 0.1°° of 
either metal increase the resistivity of alumi- 
num to 3.0 microhm per (Pure aluminum is 
2.7.) This is most important in the manufacture 
of wire for electric lines. 

Some elements in solid solution, principally 
the “anti-oxvgens,” can notably improve the re- 
sistance of steels to corrosion, 

When refining or depositing metals electro- 
lytically, small traces of elements in solution in 


the electrolyte impair the quality of the deposit 
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and reduce the vield. As an example of such) 
an unsuspected influence, Tainton and Clayton 
have found that 0.0000001° germanium cay 
lower the current efficiency, when depositing 
electrolytic zine. 

On the other hand when the impurity 
forms a component not in solid solution it 
can have a notable effect on corrosion and iie- 
chanical properties, particularly on brittleness 
or malleability. It is enough to remind thy 
reader of the influence of inclusions in. steel, 
but it must not be forgotten that the intensity 
may depend to a considerable extent on the 
structural state — that is to say, on the form and 
the distribution of the inclusions. 

For instance, sulphur lessens the malleali| 
itv of iron or of nickel, because the sulphides 
or oxy-sulphides are distributed as thin, britth 
films, but when manganese is added to iron o1 
magnesium to nickel, the sulphides coalesce 
into tiny rounded shapes that permit these met- 
als to be forged or rolled. Similarly, the oxides 
in tough pitch copper, which exist in the form 
of globules without causing damage, take thy 
form of a network after remelting (as in weld 
ing some copper plates or bars) and thus caus: 
the joints to be brittle and useless. 

The conditions of fabrication may introduc 
inclusions, at first harmless, but in such amounts 
that suddenly there arise difliculties in manu 
facture without any apparent reason. In tly 
foundry, remelting of sprues and risers in 
creases the proportion of oxides in the metal 
when these cannot be removed by suitable flus 
ing or additions. This happens frequently from 
alumina and magnesia in the aluminum and the 
magnesium foundry; periodical defects may 
appear in such a way as to suggest an apparent! 
instability in the process or product. 

As is well known, important hardering 
effects can be attained by means of very smal! 
quantities of elements, by the transformation o! 
the component into scattered particles of op! 
mum fineness. 

It would appear, therefore, that a thoroug! 
study and certainly a number of precise dele! 
minations are necessary before one can giv: 
opinion as to the danger or harmlessness 0! 
impurities. Some which were at first conic 
ered as harmful ones turned out afterwat 


be useful. 
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for example, silicon, originally considered 


harmful impurity in aluminum, is, in fact, 
bsolutely necessary for hardening the light 
llovs containing magnesium, because the essen- 
tial compound is Mg.Si. Copper was formerly 
banished from steel, now it is used in small 
quantities to improve the resistance to corrosion 
and in larger amounts to increase the strength. 

Lastly, one may cite sulphur, considered as 
» barmful element in the manufacture of malle- 
able cast iron, vet which must, on the contrary, 
be balanced against the manganese content to 
neutralize the effect of the latter, for they both 
separately offer resistance to graphitization, 
but jointly they form a sulphide which has no 
action. This explains the failures that occur in 
the manufacture of malleable by the duplex 
process When using a basic electric furnace 
which carries the desulphurization too far. An 
acid furnace should be adopted, which allows 
the melter to adjust the sulphur content to the 
manganese by means of proper slags. 

fhe prime difference between metallurgy 
and chemistry may be stated thus: Metals, in- 
stead of being sold as chemical products and 
valued in proportion to their purity as deter- 
inined by analysis, are sold according to their 
plivsical properties which depend on many 
other factors than ultimate analysis. 


Apert Porrevin 


ONDON, ENGLAND Development of very 
hard materials (such as cutting tools con- 
sisting largely of tungsten) carbide, or the 
uitrided surfaces of steel) has done much to 
raise our ideas of the degree of hardness which 
is attainable in industrial metals, and it is not 
unnatural that workers 


in steel, as distinet 


Hardening by 


L ectromagnets 


from tungsten carbide 
alloys, should endeavor 
to meet the competi- 
tion of the new mate- 
rials by seeking to produce superhardened steel. 

Our understanding of the processes by which 
‘tect is hardened has been deepened by the ex- 


Haustive study which has in recent vears been 


al to the age hardening processes in non- 
ferrous alloys and also by the modern investi- 
Seon of the structure and constitution of hard- 
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ened steel by X-ray analysis. Quite recently, 
for example, X-ray methods have been used 
with considerable success to determine the pro- 
portion of residual austenite present in fully 
hardened steel. The results of this measure- 
ment serve to confirm the inference, which 
knowledge of the age hardening phenomena 
would justify, that steel even when hardened 
as fully as possible by quenching is not com- 
pletely hardened in the sense that a considerable 
proportion of its mass still consists of ductile 
material whose inherent plasticity has not been 
completely destroved. 

In these circumstances it is not suprising 
that processes should have been discovered 
whereby hardened steel can be further hardened 
or superhardened. Some vears ago Hultgren 
demonstrated the superhardening of fully hard- 
ened steel balls for ball bearings by subjecting 
them to severe cold working. More recently, 
Kk. G. Herbert in this country developed an in- 
genious method of superhardening which is now 
well known under the rather fanciful name of 
“cloud burst.” The process, it will be remem- 
bered, consists in subjecting the surface of the 
material which is to be superhardened to bom- 
bardment by a large number of small, hardened 
steel balls falling from a height of from 3 to 
10 ft. The surface hardening which can be pro 
duced in this way is considerable and is proving 
of practical importance for certain) purposes. 
From the present point of view, however, 
more interest attaches to the subsequent de- 
velopments. 

It has long been known that freshly hard- 
ened steels and also freshly cold worked steels 
undergo spontaneous changes in hardness and 


other properties in the course of some hours. 
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Some vears ago Hadfield and Brush showed that 
hardened steel gives out a small amount of heat 
for a considerable time after hardening, while 
Muir, working during 1900 in the same research 
laboratory in Cambridge as the present writer, 
showed the series of changes undergone by 
freshly overstrained mild steel and the marked 
effect upon them of quite moderate tempera- 
tures such as boiling water. 

After studying these phenomena Mr. Herbert 
put forward some. startling observations ac- 
cording to which a very simple magnetic treat- 
ment, such as slowly turning a specimen of 
hardened steel through one revolution while 
lving across the poles of a powerful electro- 
magnet, produces a series of marked changes 
in the hardness of the specimen. His curves 
show, in some instances, that the magnetic treat- 
ment first of all brings about an immediate 
reduction of hardness followed by a gradual 
rise and a series of further fluctuations. Repe- 
tition of the magnetic treatment reproduces 
these phenomena, although, apparently, not in- 
definitely since after a certain number of treat- 
ments a different series of changes sets in. 

These observations, which Herbert has de- 
scribed in a number of papers, are of remark- 
able interest both from the scientific and the 
practical point of view. Their industrial im- 
portance lies in the fact that he claims to be 
able, by this very simple magnetic treatment, 
to increase the hardness of a hardened tool steel 
by a considerable amount and, further, to be 
able to stabilize the condition of the steel in that 
superhardened state. (From the scientific point 
of view it would be extremely interesting to 
know that a very simple magnetizing process 
is able to effect internal changes in the metal 
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as considerable as the changes of hardness 
scribed.) There is also the further observation, 


published by Herbert, that) similar altho 


much less strongly marked changes of hardyposs 
can be produced by magnetic treatment in such 
substantially non-magnetic materials as duraly- 
min and brass. 

While the writer feels that this great mass 
of observations undoubtedly deserves very seri- 
ous attention, he cannot deny that Herbert's 
claims for what is really a sensational discovery 
have so far been received in this country with 
a large degree of scepticism. There can be no 
doubt that when an investigator states that ly 
has made so striking a discovery he should do 
evervthing to substantiate his facts. For that 
purpose it is not sufficient to rely only upon his 
own observations. So far we have heard noth- 
ing of any independent investigator having bee: 
able to reproduce the published results; in fact, 
in so far as the writer is aware of any attempts 
in that direction, they have not been successful 

Unfortunately, Herbert has put forward tw 
theories to explain the phenomena which he has 
observed, not likely to secure serious attention 
from scientific metallurgists or physicists. His 
latest theory, which tries to explain what he 
calls the “periodic” changes of hardness by a 
precession of electrons around the atom of tly 
magnetized material, has led him to infer that 
other properties besides hardness must be 
affected at the same time. Unfortunately, this 
constitutes no test of the theory because it is well 
known that hardness is in reality a function o! 
a number of properties of the material and tha! 
these and others will vary more or less togethie! 

It would be unfortunate, however, if sound 
observations of interesting facts were to be dis 
credited because of unsatisfactory theories. |! 
the writer's opinion, the facts put forward are a! 
all events worthy of very careful consideratio! 
One or two independent investigators could 
profitably take the matter up and either contirm 
or dispose of them finally. 

WaLTeR RoseNnuats 


ENDAI, JAPAN Yawata, a_ steel center. 
entertained the autumnal meeting of /2a)- 
anese Iron & Steel Institute, last fall. Imper! 
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Immersion 


Melting 


With Gas 


By DUNKAK 
M. Kemp Mfg. Co. 
Baltimore, Md. 


Y IMMERSION MELTING 
ismeant the melting and heating of metals, salts, 
and liquids with heat from a unit placed inside 
the container. It is sharply distinguished from 
crucible melting or pot melting, where the heat 
is applied externally and driven through the 
walls of the container by conduction. Most 
barbers use a simple type of immersion heater 
to boil water for sterilizing the razor it is a 
small electric resistor contained in a_ nickel 
Plated tube. The present article will confine 
itself to gas-fired units of considerably larger 
size than this electric water heater. 
Despite the obvious thermal economy in 
scnerating the heat where it is needed, the prac- 
il application of this general idea to the melt- 
of metals did not occur until about 15 years 
One prime reason for this was that alloys 
rosion resistant at high temperatures had not 


been developed. Since that time, and as a 
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result of continuous experimentation and inves- 
tigation, the development has been satisfactory 
and at present it may confidently be stated that 
immersion melting can be used for almost any 
bath up to 1800° F, 

The exceptions are specific applications; for 
instance, galvanizing, where no material is vet 
available for the heating unit which will sue- 
cessfully resist attack by zine. Other soft metals 
are being so melted in large quantities, manu- 
facturers and users realizing that immersion 
units can economically control rate of heating, 
top temperature, and dross formation, Instances 
are the melting of lead, for refining or for cast- 
ing into billets or battery grids, melting of tin 
and lead for manufacture of tin and terne plate, 
the compounding of die casting alloys and ot 
solders, the remelting of white metal scrap, and 
in equipment (such as for electrotyping and for 
automatic can making) which includes a pot ot 
low melting point metal. In the heat treating 
field attractive results may be achieved in the 
heating of salt baths for hardening, annealing, 
or tempering, and in the heating of lead and 
oil baths for tempering. 

Successful units, gas fired, all depend upon 


the immersion of a tubular heating surface be- 


Air and 
Gas 
Products of 
Combustion 


Surtace of Melt 


In an Immersion Heater a Gas Flame 1s Blown 
Into a System of Welded Alloy Tubing. Part 
of the circulating products of combustion 
is continually removed through a chimney 
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At the Right of These Views Ils a Large Lead Pot, 
Heated With Immersion Units. One picture shows 
molten lead being tapped out into one of five billet 
molds. After the metal solidifies it is hoisted out 
hy a_ steel ring, frozen into the top surface 


low the level of the bath. Detail, of 
such units, as installed in salt baths for 
the annealing of wire at 1650° F., are as 
follows: 

Each heating element is fabricated 
from 5-in. diameter high nickel-clyro- 
mium tubing welded in the form of 4 
rectangle as shown in the accompanying 
drawing. 

A single burner head discharges 4 
pre-mixed and completely combustib| 
air-gas mixture under pressure into thy 
horizontal cross-over, this high 
velocity flame entrains products of com- 
bustion from the upper cross-over. ‘Thy 
admixture with these products of com 
bustion reduces the flame temperatur 
somewhat and the circulation produces 
a uniform temperature throughout tly 
entire element. A portion of the wast 
gases is drawn off continuously throug! 
the vent pipe located just above th: 
burner, while the balance again reci 
culates with the burning gas. 

The burner head is also constructed 
of high nickel-chromium alloy in which 
has been set a replaceable refractory 
disk pierced with a large number of 
holes (No. 58 drill), each of which forms 
a burner port. A turn-down ratio of 
100 to 1 facilitates automatic tempera 
ture control, 

The number and size of heating 
elements applied to a given operation 
are determined from data and exper! 
mental information. In this way it ts 
possible to predict advance tly 
thermal efliciency of the contemplated 
installation. 

Assuming that such units are ayail 
able in various sizes, fuel economics 
totaling 85°. are possibie from at least 
three different factors: 

1. If a pot, externally fired, is used, 
the pot is ordinarily designed to hold 
the required amount of metal, irresp 
tive of whether it has too much or (00 
little external surface for the absorp- 
tion of heat. Usually stack temper? 
tures will increase when the uni! |S 
pressed for production. Immers'0® 
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haters, on the other hand, are designed for 
ing and for nothing else, and can be in- 
stalled with enough heating surface to melt a 

n amount of metal (or heat a given amount 

old metal entering the hot bath) with a pre- 
determined efficiency. 

2» There is a minimum barrier to heat 
transfer. Inasmuch as the externally fired pot 
must act as a supporting container, its wall 
thickness is sometimes as much as 20 times that 
of the walls of an immersion unit. Obviously, 
this opposes the transfer of heat and prevents 
rapid transmission of extra heat when extra 
heat is required. 

$4. An important saving is possible by re- 
ducing radiation through the setting. In exter- 
nal practice highest 
temperatures exist in 
the combustion cham- 
ber surrounding — the 
pot. This means that 
the container is hotter 
than its contents. In 
internal (immersion) 
practice, the container 
is set in a bed of in- 
sulation and its tem- 
perature can never 
exceed the  tempera- 
ture of the contents. 

It is apparent from 
this that) immediate 
economies are assured 
from the reduction of 
radiation losses. Also 
there is a very impor- 
lant economy effected 
When the pot is oper- 
ated at low load = or 
When the contents are 
al the predetermined 
femperature the 
firing equipment — is 
turned down to low 
load. Under these con- 
ditions, with external 
Practice, air currents 
lillcring into the com- 
bustion chamber ex- 
fract heat from both 
brickwork con- 
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tainer, With immersion practice this condition 
cannot exist) (since the outside combustion 
chamber is entirely eliminated) and a positive 
pressure may be maintained in the interior of 
the heating clements themselves at all rates of 
gas flow. 

A point, related to the above, worthy of 
mention is the speed with which a bath or pot 
can be brought to temperature. Since there is 
no barrier to heat flow litthe to absorb heat 
save the material to be heated large baths can 
be brought into service in a very short time, For 
example, the temperature of a 20-ton lead pot, 
out of service for 8 hr. can be brought to 
700° Fin 2 hr. 


Important though the matter of fuel econ- 


Immersion Melters in a Die Caster’s Remelt Pot. Ade- 
quate insulation keeps heat losses to a very low figure 
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omy is, there are certain operations where pre- 


cise temperature control is more essential 
such as the tempering of oil-quenched wire. 
Probably all readers of Mrrat Progress will 
accept the dictum that there is more to the con- 
trol of temperature than the installation of an 
accurate controlling pyrometer. Such in- 
strument, for instance, cannot prevent overheat- 
ing of a tempering bath if the burners cannot 
be turned down low cnough when there is no 
work going through. 

About 15 vears of experience has indicated 
that equipment heated with immersion units 
mav be more easily and precisely controlled. 
The reasons are as follows: 

In the first place, there is no mass of hot 
brickwork in the combustion chamber to com- 
plicate matters. This might be thought of as a 
“fly-wheel” a mass of stored energy available 
for sudden demand, but in practice it does not 
work out so advantageously. Firing may cease 
entirely, due to lack of demand or an excessive 
bath temperature, vet heat will still continue to 
flow from the combustion chamber lining, which 
necessarily must be hotter than the inside of the 
bath. This causes an unavoidable over-run in 
temperature. Conversely, when the temperature 
in the bath must be boosted, and the burner 
again starts functioning, there is a delay caused 
by the absorption of a considerable portion of 
the heat by the firebrick setting. 

A definite example will show how little heat 
is stored in the corresponding portions of an 
immersion heater. A 20-ton lead melting pot 
is heated by elements weighing only 800 Ib. At 
maximum rates of heating the flue gases are 
only 105) F. hotter than the lead. On the reason- 
able assumption that this represents the average 
difference in temperature between heating ele- 
ment and material heated (under the worst con- 
dition), it can be computed that after the control 
valves close the 800 Ib. of heating elements can 
only give up to the molten lead a total of about 
13.000 B.t.u. This would heat 20 tons of lead 
7 if the transfer could be made instan- 
taneously. As a matter of fact, the transfer is 
slower than the lead pot loses heat to its setting 
and to the air by radiation, so a slight amount 
of gas must always be burned to maintain tem- 
perature in an idling pot. 

Absence of large bodies of stored heat in 
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settings thus eliminates the “fly-wheel” ef) cet. 
prevents over-run of temperature, and ens) les 
the controlling equipment to put heat into thy 
pot much more quickly. This obviously sinypli- 
fies the control and enables the operator to |yold 
the heat within narrower limits. 

Heat distribution through the liquid is also 
more uniform. With external firing, all the heat 
is applied around the sides and at the bottom, 
thus naturally producing higher temperatures at 
these surfaces. In immersion melting the ek 
ments may be distributed throughout the entir 
pot with a consequent uniformity of temperatures 
throughout the metal mass. This is of major 
importance in baths that are used for heat treat- 
ing, and it always has a pronounced effect 01 
dross formation, as will be shown. 

Another factor which is evident on cursory 
examination is the improved life of the con- 
tainer pots or tanks, even though they may |x 
made with considerably thinner wall. The oute: 
surface of the pot is not struck by flames, nor is 
there any chance for local overheating thie 
prime cause of most container failures. Neithe: 
can the inside surface ever become hotter than 
the liquid it contains, even locally; hence any 
corrosive or alloying actions are kept at tlh 
minimum. With these two considerations in 
mind, and also knowing that the entire containe: 
will be bedded down in an insulated setting, 
which itself can be stayed to resist hydrostati 
forces, the designer will be justified in making 
the pot or tank of minimum thickness for stabi! 
itv, and need not avoid lapped seams if such ar 
convenient. 

Of course, the metal tubing in the imme! 
sion element is subject to some of the conditions 
that lead to quick failure in externally fired pots 
These are minimized by proper design, as, fo! 
instance, by installing enough of them so that 
none run very hot even at maximum oulpu! 
Furthermore, each element is light and rele 
tively inexpensive, and can easily be replaced 
after eventual failure. 

A minor matter to heat treaters using smal! 
metal baths is the formation of dross on th 
surface; however, losses through oxidation 
mount larger in plants making or using the 
white metals and their alloys. 

Drossing is a chemical action, princip:!!) 
due to slow oxidation of the metal at the sum 
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It is always bad on a pot which is over- 
aied, either generally or locally, and by its 
nature is a continuous reaction and can 
duced only by keeping the metal at the 


mum temperature and protecting its sur- 


face from the air. Enough has already been 
ssid to indicate that an adequate number of 
immersion units under proper control will keep 


the heat under close control. The design can 
iso be arranged so that the products of com- 
bustion, instead of being piped to a chimney, 
can be discharged at the surface of the melt, 
play over it, and be drawn out a hood, thus 
blanketing off the normal atmosphere with an 
artificial one containing little free oxygen. 

It might also be mentioned that the im- 
proved metallurgical results are also associated 
with improved working conditions although 
that is such a common observation in many 
other lines of activity that it would almost be 
taken for granted. Workshop or foundry sur- 
roundings are improved because the melting 


units are better designed and operate at lower 


Cross-Section of 4-Ft. Salt Pot for Anneal- 
ing Equipped With Six Immersion Heaters, 
for a Wire Mill in Pittsburgh District 
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temperatures without any exposed flames and 
roaring noises. Complete control of the gas 
and air mixtures and pressures at the various 
burners also prevents the formation of any car- 
bon monoxide or other noxious products of 
combustion. 

Illustrations are taken from a recent in- 
stallation where lead scrap is being continu- 
ously remelted for the casting of billets. These 
billets are later placed in an extrusion press for 
the coating of rubber hose prior to vulcaniz- 
ing. Operating temperature is 740° F. plus or 
minus 5 

Prior to this installation two pots were used, 
both heated electrically. Considerable trouble 
was encountered with excessive dross and lith- 
arge formation, a condition which the new in- 
stallation has largely overcome. 

The five billet molds shown in the illustra- 
tion are filled every 40 min., each resultant billet 
weighing 1340 Ib. Recently tabulated perform- 
ance data indicate a thermal eflicieney of 52% 
with lead being melted at the rate of 8.7 Ib. per 
cu.ft. of 530-B.t.u. gas. 

A second interesting application is in a tin 
plate mill in the Pittsburgh district, for heating 
the tin pots wherein the steel sheet is coated. It 
is obvious that here the immersion units may be 
placed so they will liberate the heat where it is 
most needed, namely, near the line where the 
cold steel dips into the hot metal. Economies 
have been made in the first cost of the rather 
intricate container, since it can now be made of 
welded steel plate of moderate thickness. Data 
on performance, as compared with the older 
pots, externally fired, are as follows: 

Previous fuel consumption, 42 cu.ft. per 
base box of product, has been cut to 23 cu-ft., 
a saving of 15° in fuel. 

Previous range of temperature plus or 
minus 15 may be contrasted with a present 
range of plus or minus 2.5° F. 

A very important item in heating operations 
involving tin is the matter of dross formation. 
Previously, 1.85 lb. was produced per hr., where- 
as with internal heating, but 0.417 Ib. is produced 

a reduction in dross of 75°. 

In addition to all the foregoing advantages, 
production has actually been stepped up from 
260 boxes per day of 8 hr. to 300 boxes, an 


increase of 15.1%. 


77 


g 
id 
ii 
4 
"vent 
14" Cas feed — 
, 
| 
. 
f 
4 
4 
at», 
‘ 
4 
” 


Concentrates 
from current 


literature 


= SUMMER a series of 27 papers on the 
effect of temperature on the properties of metals 
was presented to a joint meeting in Chicago of 
the American Society for Testing Materials and 
the American Society of Mechanical Engineers. 
These papers, totaling 560 printed pages, to- 
gether with 170 pages of discussion and com- 
ment and about 100 pages of bibliography and 
index, are now issued in a bound volume at 
$6.00 by the first-mentioned society. It is im- 
possible here to do more than mention the fact 
that this enevelopaedic volume summarizes the 
state of Knowledge as of 1931 as to the engineer- 
ing requirements and the suitability of special 
metals and alloys to meet HIGH TEMPERA- 
TURE SERVICE. That such a compendium is 
necessary may be gathered from the fact that 
the alloys believed to be most suitable in 1924, 
as described in a symposium then held by the 
same groups, have not survived. Further evi- 
dence of the rapid advance in this field of 
metallurgy is the fact that various authors in 
the book being reviewed discussed the serious 
problem of intergranular corrosion (embrittle- 
ment) without suggesting any remedy other 
than the palliative of re-heat treatment before 
corrosion made much headway. In the last 
vear the problem has been solved, as was dis- 
closed at the February meeting of the American 


Institute of Mining and Metallurgical Engineers. 
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PLEA for more intelligent handling © 
ingots between mold and rolling mil! js 
made by an anonymous practitioner in The /po; 
Age for January 28. Most superintendents |,ay, 
fixed upon MINIMUM TIMES IN THE So Ak. 
ING PITS for ingots charged hot and for j 


charged cold two complete schedules for thy 
various sizes being cast. Unless the mill pro- 
duces high carbon or alloy steel or ingot Iron, 
this schedule will seldom make an allowane 
for chemical composition of the steel, its surfac 
condition, or internal soundness. Yet it is well 
known that screw steel and the 0.20% carbon 
forging steels are prone to crack during rolling 
unless the temperature is correctly adjusted to 
the other variables in composition, structure, 


and pouring practice. 


A’ ARTICLE by H. Houchins and | 
MeMullen in January Metals and Alloys 
points out that silicon carbide makes excellent 
muffles, furnace floors, and floor supports be- 
cause of its high heat conductivity (which 
promotes temperature uniformity and fuel econ 
omy) and its great refractoriness and high 
strength (which lessen movement under load 
and prevent sticking to the work, thus reducing 
the repair bill). It must, however, be protected 
from iron oxide. Since it is “non-spalling.” 
cold metal can be charged on hot hearths wit! 
impunity; successful RECUPERATORS MADE 
OF SILICON CARBIDE tubes are also due partly 
to this property. In the form of a plastic it ts 
used for rammed furnace linings, especially for 
rolling or tilting electric furnaces in the brass 
industry, and is very resistant to mechanical 
and flame abrasion. No less important is tl 
electrical conductivity of the carbide, which fils 
it for high temperature resistors (“globars” to! 
heating electric furnaces to heats which would 
melt any common metallic alloy resistor and 
atmospheres which would rapidly oxidize ca! 


bon electrodes. 


STUDY of the iron-manganese-carbor tc! 
nary equilibrium by the United States Stcc! 
Corp. research laboratory furnished raw pial 
rial for a brilliant Howe lecture “On the RATES 
OF METALLURGICAL REACTIONS in Solid 


(Continued on page 


Steel” by C. Bain 
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PRICELESS 


are the voices of those we love 


WHAT PRICE COULD BE SET ON THE VOICE AND 
LAUGHTER OF A LITTLE CHILD A THOUSAND MILES 
AWAY? WHAT PRICE ON THE BRIEF AND REASSURING 
PHRASE, “WE'RE ALL WELL”? WHAT PRICE ON A 


HUNDRED WORDS BETWEEN SEPARATED LOVERS? 


Wuar price on a doctor's midnight directions, = These considerations are fairly exact. But they 
on the swift response of the fire department, have little relation to the actual worth of the 
on the relicf of anxicty, the cementing of — telephone in your home or office. That is fre- 
iship, the unexpected greeting after quently a thing of the spirit and cannot be 

i long silence? measured in terms of moncy. 
What price on speed in business, on the When you buy telephone service you buy 
woth running of a houschold, on leisure or the most nearly limitless service the world 
without neglect of duty, on shelter in a affords. Because of it you receive the thoughts 
of storm? and emotions of other people and express your 
How can any one say what the telephone own thoughts and emotions to them. There 
vorth to you? We sct a value on such visi- are no hindering handicaps of time or distance, 
physical things as wires, poles, switch- place or circumstance. For a few pennies a day, 
is, Instruments, operation. We sect a price you move out of your own little corner in 
phone service based on what it costs us the kingdom of ideas and are tree to range 


} 


lor it and to assure its continued growth. where you will. 
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| Concentrates 


(Continued from p. 78) at the A.LM.E. meeting 
February 18. Rates of change in the reaction 
austenite =< ferrite plus carbon 
were measured in a series of steels ranging from 
fractional up to 13.557 manganese. It was shown 
that all the changes require measurable time to 
get under way, and that many appear to be 
entirely completed in finite time; with these two 
qualifications the middle of a typical time- 
transformation curve is closely approximated 
by a formula derived from the probability that 
the rate of reaction is inversely proportional to 
the amount of unstable phase remaining un- 
transformed. Among the many interesting ex- 
periments described is the following: A 61.‘ 
manganese steel quenched in water is austenitic; 
further cooling in liquid air develops some clear 
broad martensite needles. If this sample be 
tempered at constant temperature, the white 


martensite needles decompose into ferrite and 


carbide, and the reaction is completed be fore 
any changes are observed in the austenite. [hy 
latter slowly changes into nodular areas of 
pearlite. From the observed fact that the rat 
of decomposition of martensite is so much faste; 
than that of austenite, Dr. Bain concludes {hat 
martensite is not necessarily an intermedia 
step in the decomposition of austenite into 
pearlite. Of more immediate “practical” im- 
portance will be his curves showing the progress 
of tempering. Tempering is shown to be du 
to the diffusion of carbide occurring very rap- 
idly at first, but continually tapering off in 
speed. Therefore, most of the softening of too! 
steel, for instance, is done in the first 20 min. at 
temperature, although the action is not entirely 


completed in many hours. 


of common alloy. steels 

after various heat treatments has been 
measured by T. G. Digges and reported in Ma- 
chine Shop Practice Paper 54-4, American 
Society of Mechanical Engineers. He used the 
same blunt-nosed tool of high speed steel for 


a given finishing cut as utilized for similar work 


of definition. 
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at the Bureau of Standards, and MACHINA- 
BILITY OF ALLOY STEEL is reported in terms 
of cutting speed for breakdown in given time. 
S\.E. 1040 is the least machinable at all tensile 
strengths from 120,000 to 80,000 Ib. per sq.in., 
while chromium-vanadium (6140) is the most 
machinable at strengths from 160,000 down to 
120,000 Ib. per sq.in. Tools working on S.A.E. 
6140, 4140, 3140, and 2340 all had a Taylor 
speed between 300 and 320 when the forgings 
were heat treated to the range 90,000 to 100,000 
lb. per sq.in. tensile strength. Similarly tools 
have a Taylor speed of about 150 ft. per min. 
when working on S.A.E. 34385, 3140, 1140, and 
2310 heat treated to 160,000 Ib. per sq.in. — At 
the high strengths of 210,000 Ib. per sq.in., cor- 
responding to hardnesses in the non-machinable 
range, as ordinarily conceived, S.A.E. 34385 and 
SHO gave about the same Taylor speed (105) 
whereas S.A.E. 4110 permitted only 60 ft. per 
min. High cobalt high speed tools permitted 
20°, greater Taylor speeds on S.A.E. 3135 heat 
treated to strengths between 110,000 and 180,000 
lb. per sq.in.; when the test log was harder or 


softer this advantage was not nearly so great. 


OUR theories of the lamellar structure of 

pearlite are (1) that ferrite etches more 
rapidly than cementite which stands out. in 
relief and casts shadows on the ferrite ground, 
(2) that this relief is due to a difference in 
hardness with consequent difference in wear 
during polishing, (3) that ferrite is tarnished 
sooas to appear dark, and (4) that a galvanic 


action in etching causes the boundaries between 


the constituents to be attacked and appear dark. 
M. Mikami, in Seience Reports of the Tohoku 
lmperial University for December, attributes the 
MICROSTRUCTURE OF PEARLITE to the dif- 


ference in both solubility and hardness, since 


found that samples polished only on parch- 
| paper and not etched showed the charac- 
Stic structure. When polished on emery the 
eys are probably filled with a fine powder 
i is dissolved out on etching. Since the 


of thickness of ferrite and cementite lavers 
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Measured 
Carburizing 


Performance 


HAR CARBURIZERS have 
demonstrated consistently 
uniform activity in continued runs 
with 10°) or less of new material 


added. 


If only 10°) new material is used, 
the life of the carburizing compound 
is ten runs. If higher percentages 
of new material are necessary to 
maintain consistently uniform ac- 
tivity, the life of the compound is 


correspondingly decreased. 


This continuously uniform activity 
and long life of Char Carburizers 
are made possible by the protecting 
carbon shell, which prevents loss of 
activators and minimizes dusting 


loss. .... Use 


CHAR 


CARBURIZERS 


for Economy and Quality Results 


CHAR PRODUCTS COMPANY 
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CARBIDE FREE 


Tungsten powder 97-98", 
Pure manganese 96-97 
Ferro-chromium 60°, 
Pure chromium 97-98, 
Ferro-tungsten 75-80°; 
Ferro-titanium 25% 
Ferro-vanadium 35-40°; 


(1°; silicon) 
Tin Oxide pure 
(for nitriding) 


Let us send Pamphlet No. 2021 
containing information about M 
and T alloys and special metals. 


SAVE IT 
WITH THERMIT 


With Thermit welding as the 
master tool of the reclamation 
or maintenance department, 
quick, permanent repairs can 
broken 


mill housings and rolls, cin- 


be made to shafts, 
der ladle frames, cast iron 
press heads, and other large 
parts. With Thermit welding, 
such parts can frequently be 
saved at only a fraction of 
what a replacement would 
cost, and long equipment 
shut-downs are avoided. .... 


Write for booklet. 


METAL & THERMIT 
CORPORATION 
120 BROADWAY, NEW YORK 
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is about 6 to 1, and since the white area of 
pearlite is approximately equal to the dark area, 
it is evident that the shading is not due to sur- 
face coloring of the two constituents but rattle; 
to the reflection of light. After experimenting 
with photographs of a model constructed to 
have the 6 to 1 ratio, the author concluded that 
with vertical illumination the tops of lamella: 
cementite appear white and side faces dark, 
whereas the bottoms of ferrite valleys appeai 
white and the edges dark. 
TTAINMENT of a degree of accuracy in 

forgings which will eliminate expensiy: 
machining operations has always been limited 
by the lack of sufliciently precise equipment 
By means of a recently developed machine, 
however, hammer or machine forgings can now 
be finished by pressure with such precision that! 
rough machining and in some instances even 
finish machining may be omitted. Some of thy 
results obtained with this machine, known as 
the Maxipres, are described by John HL. Fried 
man in the S.A.E. Journal for February. Wher 
parts must be finish machined after PRESSURE 
MACHINING, the uniformity gained in the latte 
process is a distinct advantage in fitting th 
parts into jigs, fixtures, and other devices. !ly 
work may be done directly after forging withoul 
reheating, or on the annealing heat. In either 
alternative the temperature is below that for 
scale formation, and a fine finish results. Cold 
coining and complete forging on the Maxipres 
are possible but the latter is successful only fol 
certain types of parts. The process is also ap 
plicable to forgings of brass and to straightening 
and sizing malleable castings to a uniformly) 
close tolerance. 

NE session at the annual meeting of (0 

Society of Automotive Engineers in |) 
troit, Jan. 25 to 29, was devoted to BEARINGS. 
D. Ek. Anderson, Bohn Aluminum & Brass Go 
in presenting the manufacturer’s viewpoint, 
scribed a new type of bearing for automo! |! 


crankshafts. The total thickness of this bears 
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only 0.050 to 0.100 of which 0.015 to 0.020 
is babbitt, the rest being a steel back for 
strength. Alex Taub, research engineer for 
Chevrolet Motor Co.. mentioned a machine re- 
cently developed by Cleveland Graphite Bronze 
Co. which produces a bimetal bearing material 

steel and babbitt perfectly bonded. The prep- 
ation of the steel, the fluxing, preheating, 
bonding, and the pouring of the bearing metal 
we all done automatically and in a continuous 
process. This machine would supplant the 
centrifugal spinning of bearings now done in a 


umber of plants. 


NOTHER circular (“monograph” would be 

a better word) on the common metals has 
been issued by the Bureau of Standards. The 
latest one is on zine and its alloys, sells for 70, 
md is a 200-page compilation and critical sum- 
mary of published information on physical 
properties, together with some new work on the 
pure metal by Louis Jordan of the Bureau staff. 
Much of the first 100 pages is devoted to the 
metallography, chemistry, and physical proper- 
ties of rolled zine sheet, thus reflecting the 
extensive research work of New Jersey Zine Co, 
to discover the proper field of application for 
high grade metal. Consideration of zine coat- 
ings of various kinds occupies another 30 pages. 
lhe remainder of the book is devoted to about 
two dozen binary alloy systems and several 
ternary and more complex alloys. Equilibrium 
diagrams of the binary alloys are included, 
ilthough it must be remembered that the brasses 
(Cu-Zn) are the only ones which are articles of 
commerce at present, and this circular pays 
itlention only to the zine-rich end of the dia- 
sram which is of little importance. One other 
portant system is the Zn-Fe allovs which are 
med, willy-nilly, in the galvanizing process. 
(1 the ternary alloys the Zn-Al-Cu-Mg die cast- 
illovs are by far the most important, al- 

th a long list of complex bearing metals 
Sn-Cu or Zn-Sn-Sb with or without lead 
aluminum) is given for what they are 


‘h. Each subdivision of this excellent. cir- 
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110 Washington St., New York, N. Y. 


Telephone: Whitehall 4-2984 


The Ferrous Magnetic 


Corporation 


Consulting Engineers 
For Factory - Plant - Process 
Investigation - Litigation 


Industrial 


Research 


Metallurgical 
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Physical 
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Quenching of Steel.. 


...an answer to your problems 


By HERBERT J. FRENCH 
late of the Bureau of Standards, 
now with International Nickel 


Company 


HIS book is a comprehensiy e discus 

sion of cooling characteristics of var- 
tous cooling media coolants). ( ooling 
properties are given for both surface and 
center cooling of a given mass of steel, 
Data for center cooling are summarized 
graphically and in equations which per- 
mit computation of center characteristics 


of various sizes and shapes of steel 
172 pages, 6 x 9, 105 illustra 


tions... bound in red cloth 


$50 


Vail Your Order Today 


American Society for Steel 
ve “Treating 


Cleveland, Ohio 
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The original heat-resisting alloy 


Carburizing Boxes and Pots 
Nitriding Containers 
Retorts 


Furnace Parts 


Pyrometer Tubes 


Sheet Containers 
Welded Sheet Tubes 
Muffles 
Knameling Racks 
Glass Rolls 
Ete. 
Made by 
COMPANY 


ELARRISON, N. J. 


Chic ago - Detroit - Morristown.N. J. - England - France 
Cleveland Italy 


Universal Heat-Treating Table 


A compact, convenient unit, 
including Pot Furnace, Forge, 
Oven Furnace and Blower... 
Ideal for the small shop and tool 
room. .... Write for details. 


American Gas Furnace Co. 
Elizabeth, New Jersey 


Concentrates 


cular ends with a selected bibliography from 
1910 to 1930, which will bring more comp|ecte 


information to the investigator. 


ARDENING of aluminum alloys of thy 

duralumin type was first explained in 1919 
by P. D. Merica, R. G. Waltenberg, and H. Scott 
of the Bureau of Standards on the supposition 
that submicroscopic particles of CuAl, formed 
from a supersaturated solid solution, and thes« 
hardened the alloy by slip intereference. This 
PRECIPITATION HARDENING has since been 
studied intently, and appears to be a common 
phenomenon rather than one unique to alumi- 
num. Much evidence has been accumulated, 
especially by Europeans, on the mechanism of 
the process, from which it appears that th 
operation is not always so simple, and that 
recognizable compounds do not appear until 
duralumin is “over-aged” or heated to 400° F 
or more. This matter was discussed by Dr. 
Merica in the Institute of Metals Division lec- 
ture, New York, Feb. 17. In hardenable alloys 
containing pure aluminum and pure copper in 
mutual solid solution, the lattice constant, as 
determined by X-rays, does not change at room 
temperature while the tensile strength is in- 
creasing, nor does the microscope or the spee- 
trogram show any signs of CuAl, in the fully 
aged specimens. The dilatometer also shows 
that these pure alloys do not expand during age 
hardening at room temperature as they should, 
theoretically, if CuAl, were formed, nor does 
the electrical resistivity indicate any breakdown 
of a single phase alloy. Dr. Merica observed 
that there are several steps or stages between 
atoms and molecules, and one of these may |! 
an accumulation of copper atoms at numerous 
favored locations, which, without forming deti- 
nite groupings in space, and consequently to! 
forming a second phase, do distort the su! 
rounding space lattice considerably and cause 


is 


large changes in hardness. In this he acc 
the suggestion of German investigators. \W')) 
this copper should diffuse out of uniform solid 


solution to form “knots” is not vet clear. 
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Reviews 


of 


Recent Patents 


By NELSON LITTELL 
Patent Attorney 

22 E. 40th Street 

New York City 

Member of A.S.S.T. 


Arc Welding, Py Arthur W. Priebe, Milwau- 
kee, assignor to A, O. Smith Corp. 1,839,437; 
also No. 1,840,251, by Arthur W. Priebe and 
Julius B. Tiedemann, Milwaukee, assigned to the 
same company; Jan. 5. 

Both patents concern the electric are welding 
method and apparatus. It is pointed out that 
the position of the ground terminal which con- 
hects the welding circuit with the work piece 
has a definite bearing on the stability and de- 
sired control of the are, and a proper position- 
ing of the ground terminal will give a more 
rapid penetration of the are and a better fusion 
of the metal. The two patents are very closely 
analogous, one covering the method and_ the 
other the apparatus. The apparatus of the first 
patent will be more particularly described. A 
Pipe formed from a blank has a longitudinal 
scam to be welded. A weld rod is provided 
‘rom which an electric are extends to the pipe. 


ind the pipe is grounded by means of ground 


‘inals of which there are two,each contacting 
With the pipe at spaced points transversely of 


pipe. The supporting arm is mounted on a 


ible shoe or sleeve which may be moved 


H, 1932 


longitudinally along the pipe through a suitable 
mechanism controlled by a crank. The ground 
connection may therefore be moved for various 
working conditions, as for example, when strik- 
ing the are and during the welding, and when 
welding different lengths of pipe, and also when 
welding several layers. Material operating ad- 


vantages can thus be obtained. 


Annealing, by Lester L. Lewis, New Castle, 
Pa., assignor of two-thirds to Blair Strip Steel 
Co. 1,835,411; Dec. 8. 

This invention relates to annealing pots and has 
more particularly to do with the seal for the 
housing to prevent the introduction of air and 
for more uniform distribution of the protecting 
gas. The pot is mounted on a tray having track- 
receiving grooves and a flange. A sealing space 
is provided for sealing material. A gas port 
extends entirely around the flange. A second 
port is formed in the wall of the pot. After the 
required baking the tray and pot are removed 
from the furnace and the furnace and the con- 
nections for the pipes are fixed to supply gas 
under pressure until the cooling operation has 
been completed. Apparently the gas delivered 
creates an upward pressure and burns, thus 
counter-balancing atmospheric pressure and 
preventing any air from finding its way into the 
pot under the edges. The gas does not appar- 
ently affect the work, as steel with highly pol- 


ished surfaces can be produced. 


Welding Apparatus, by Herbert O. Rich, 
Revere, Mass. 1,839,500; Jan. 5. 

A welding jaw or electrode holder in) which 
arcing is ¢climinated and heating effects of the 
current are reduced is herein described. The 
shank is integral with the lower half of the jaw 
and the upper or movable jaw is pivotally se- 
cured. A lever, preferably insulated, operates on 
a suitable screw and bolt to force the upper body 
downward so that the tip contacts with the weld 
rod. Suitable grooves in the lower part of the 
jaw permit the weld rod to be held in any one of 
a number of angular positions and as the secur- 
ing means is entirely back of the front point the 
construction may be termed an = “inboard” 
mounting to allow the operation of the jaws in 
restricted positions. 


(Continued on page 87) 
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J U T JESSOP’S 


GAS FURNACES Superior 


lead the field with such outstanding features as O i | = H a rd en i ng S tee | 


Positive Atmospheric Control | 


—independent of thermal input 


Non-Deforming Tool 


Simplified Operation and i Steel 


—one valve controls combustion 


Fuel Flow Indication Manufactured in 
—rate of flow always apparent Sheffield, England 


Write today for Bulletin 16 


Wm. Jessop & Sons 


American Electric Furnace Co. 


30 Von Hillern Street Boston, Mass. NEW YORK BOSTON (CHICAGO TORONTO 


COMBUSTION: FURNACES 
ELECTRIC: FURNACES 

TUNNEL: KILNS 

GAS:‘BURNERS 


SWINDELL-~-DRESSLER CORPORATION 
PITTSBURGH, PA, | 


PORTABLE HARDNESS TESTERS 


These handy instruments give an accu- 
rate check on the hardness of metals. 


Write for your copy of blue- a N 
print No. H-2. which shows 


the application of these in- 
DWAREF BRINELL 875.00 | 


PUROSKOP 365.00 struments to hardening. 
INVESTMENT BUILDING | 


THE R. FERNER COMPANY 
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Alloy, by Howard Scott, Wilkinsburg, Pa., 
mor to Westinghouse Electric & Manufac- 
ng Co. 1.843.903; Feb. 2. 
fhis iron-nickel alloy has a high coefficient of 
e\pansion and is therefore particularly useful 
i. an element of a composite bi-metallic article 
and can be used as a substitute for brass or 
Monel metal. It contains between 5‘< and 30°, 
of nickel, from 12%. to 2%. of manganese in 
accordance with the amount of nickel present 
and not to exceed 0.3°° of carbon; the amount 
of nickel plus two and one-half times the man- 
ganese being not less than 30°. of the alloy, the 


remainder being iron and minor impurities. 


Case Hardening, Py John J. Egan, Brooklyn, 
New York, assigior to Electro Metallurgical Co. 
1,837,256. Also No. 1,837,272 by Augustus B. 
Kinzel, Beechhurst, N. Y., assignor to the same 
company; Dee. 22. 

lhese patents describe a process of case harden- 
ing by heating the metal in nitrogen-containing 
agents such as ammonia. The object is to pro- 
vide means for accelerating and intensifving the 
action of the nitriding gases to reduce the time 
for producing a given hardness or thickness. In 
one device an ionizing influence is provided 
whereby an are, spark, corona, or other form of 
electrical discharge is produced in the nitriding 
gas, Which discharge is preferably in close prox- 
imity to the surface of the specimen. Such effect 
has been found to reduce the normal time for a 
particular process from twenty hours to a period 
of four hours. The other patent describes an 
irradiating treatment by which the specimen is 
treated with ultra-violet energy, preferably pro- 
duced external to the treating chamber and 


introduced through a window of quartz glass. 


Inhibitor, by James C. Vignos, Nitro, W. Va. 
aussignor lo the Rubber Service Laboratories Co. 
1.843,653; Feb. 2. 

this inhibitor for pickling baths avoids the high 
vaporization of the heretofore used aldehydes 
1 the aliphatic acids. The metal treating com- 
pound is preferably thialdine, which is the 
ivdrogen sulphide derivative of aldehyde am- 
monia and is employed with sulphuric acid in 
‘he proportion of less than 0.1‘ of the acid 

ition, 
(Continued on page 90) 


MARCH, 1932 


Is this welded 
seam good? 


the Medaes-Walsh-Weidner Company, of 
(Chattanooga, Tenn., inswer this question, they 
. Their sug erintendent, Mr. A, J. 
ing in ombustion’”’ for September, 1931, 
Says in part: 

"The responsibility of guaranteeing the soundness of the 
entire welded seams f a larae numoder pre 
is @ burden which is too heavy to be placed upon any 


visual inspection during fabrication. * * * * 


ure ve 


"X-ray examination of weld seams is not new. But improve- 
ments in X-ray equipment within the past few years have 
furnished the industry with a thoroughly reliable and pra 

tical inspe ntool for just such work. The X-ray constitutes 
a homogenity test. As a non-destructive test applied to 
weld seams, it completes from the point where the physical 
test of sample coupens leaves off. It furnishes positive 
assurance as to whether the welding in the seam of the 
completed vessel is as good as that in the test sample: 
It will unfailingly detect any appreciable porosities c 
ur in the main seam, yet be 


r 


cracks which may p 
absent from the test samples. Realizing the immense value 
of X-ray examination in connection with physical testing of 
sample specimens, the A. S.M.E. Boiler Code Committee 
has specified its use in their recent code covering welded 
construction when applied to pressure and power 
boilers.* * * * 

An X-ray installation, suc 
manufacturer to verity the 


and thus places him in a position to assure the satisfactory 
manufactured inhis plant.” 


h as this, ® enables the boiler 
results of his welding process 


performance ofthe welded drun 
® See illustration 


rint of Mr. Moses sper. toae 
F\ reprint vir. IVIOSE Dépe € 


literature describing other industrial 
X-ray, is yours for the asking. Address Industria Dept. 


GENERAL @ ELECTRIC 
X-RAY CORPORATION 


2012 Jackson Boulevard Chicago, IIL, U.S.A. 


FORMERLY VICTOR RAY CORPORATION” 


Join usin the General Electric program broadcast every 


Sunday afternoon over a nationwide N. B. C. network 
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eneral Electric X-Ray Installat r Boer Inspect 4 
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Trade 


Pamphlets 


to keep you 


abreast of the times 


Engineering Service The Ferrous Magnetic Corp. 
offers consulting engineering service in plant or proc- 
ess”. problems. Investigation and litigation handled. 
Every metallurgical facility for industrial research. 
MM-S5. 


Quenching A new 80-page book, “Houghton on 
Quenching,” containing over 30 charts and photomicro- 
graphs, has just been published by FE. F. Houghton and 
Co. MM-38. 


Electrotinning Roessler & Hasslacher Chemical Co., 
is offering a booklet describing electrotinning with the 
R & H sodium stannate-acetate plating bath, giving 
information on methods of preparation, operation and 
control, MM-29, 


Nitriding Steel Properties of a new chromium- 
vanadium nitriding steel developed by Union Carbide 
& Carbon Research Laboratories are listed in a new 
publication of Electro Metallurgical Sales Co. MM-16. 


Chrome Brick Refractories EF. J. Lavino & Co. Folder 
discussing chrome brick made by a new process. Test 
data on spalling, sagging and hot load are given, 
Bulletin MM-40. 


Welding Electrodes Metal & Thermit Corp. has pub- 
lished a folder outlining the advantages of Murex min- 
eral coated welding electrodes. Several types of elec- 
trodes are described. MM-64. 


Fuel Valve Controller Automatic Temperature Con- 
trol Co. Leaflet describes a multi-position motor oper- 
ated controller used for furnace temperature and at- 
mosphere regulator, incorporating in one unit the 
Bulletin 


desirable features of several older types. 
JA-82. 


Aluminum and Its Alloys Aluminum Compan f 
America has prepared the book “Alcoa Aluminum { 
Its Alloys” which presents data and tables on ‘ 
physical and chemical properties of aluminum alloys 
MM-54. 


Neutral Atmosphere which makes possible the har« 
ening of high speed steel without scale, decarbu: 
tion or carburization, is explained by the bulletin, *) 
Sentry Diamond Block Method of Hardening High 
Speed Steel,” issued by the Sentry Co. MM-84. 


Optical Instruments—-Bausch & Lomb Optical | 
has issued a new 128-page book, “Optical Instruments 
for Examining and Analyzing Metals. Information 
establishing metallurgical laboratories; optical in} 
mation for the metallographer; spectrographic analysis. 
etc. MM-35. 


American Electric Furnace Co. have just issued a new 
catalogue insert No. 17 showing recent series of 6 and 8 
inch electric pot furnaces for lead, salt, and cyanick 
work. MM-2. 


Recorder Controller —Bristol Co. A new booklet de- 
scribes Bristol’s recently announced free vane air oper- 
ated recorder controller. The instrument and_ its 
operating principles are graphically described. Bul- 
letin JA-56. 


Electric Heat Treating Furnaces—-Ajax Electric Co., 
Inc. Photographic description of new electric furnaces 
for annealing wrought products, such as sheet, wire, 
tubing, rod, ete. Bulletin D-83. 


Welded Construction Folder Bethlehem Steel Co 
Folder describing the use of rolled steel shapes and 
plates for the building of machinery parts by welding. 
The results are said to be sturdier construction, re- 
duced weight, low cost, and elimination of patterns. 
Bulletin N-76. 


Heat and Corrosion Resistant Alloys—General Alloys 
Co. A new bulletin is available on chrome-nickel and 
straight chrome heat and corrosion resisting alloys. 
Bulletin D-17. 


High Frequency Induction Furnaces——Ajax Electro- 
thermic Corp. New bulletin gives detailed information 
regarding Ajax-Northrup high frequency induction 
furnaces operated from static converters, for labora 
tory use or for small-scale production. Bulletin JA-41. 


Conveyor Belt Handbook—-Wickwire Spencer Stee! 
Co. <A new loose-leaf handbook, describing various 
types of metal conveyor belts for high and low tem- 
peratures. This includes the new heavy duty “Alpha” 
me belt, “Delta” plate belt and spiral type. Bulletin 
N-37. 


High Test Welding Rod—The Linde Air Products 
Co. <A 12-page booklet describing the qualities and 
advantages of high test welding rod. Extensively used 
for fabrication of pipe lines, pressure vessels or other 
welding operations where high strength and economy 
are required. Bulletin D-63. 


Alloy Products—-The Pressed Steel Co., in their new 
catalog, give interesting data relative to Rezistal ‘ite 
Wate carburizing and annealing containers and oter 
equipment. Bulletin D-67. 


Thermit Welding—Metal & Thermit Corp. A 02 
page booklet on the thermit welding process and ils 
applications. Photographs and descriptions typical of 
its varied uses are given, showing how Thermit is fun 
damentally adapted when large sections are involved. 
Bulletin D-64. 


Gears Made of Armor Plate——The Internationa! 
Nickel Co. Reprint of article by Robert E. Bultman 
originally published in May, 1931, issue of Mera! 
ProGress. Booklet deals with the use of 5 per cent 
nickel and nickel-chrome steels for motor truck gears 
and pinions. Bulletin D-45. 


Hy-Ten Alloy Steels—Wheelock, Lovejoy & Co., ! 
“Pertinent Points” folders covering physical prop: 
ties, heat treatment and applications of all grades 
Hy-Ten Special Steels. Bulletin D-22. 


f 
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idustrial Application of the X-Ray—General Elec- 
\-Ray Corp. Booklet gives many examples of the 

the X-Ray in the industrial field. Profusely 
ated with radiographs of castings, welds, assem- 
| ete. Bulletin D-6. 


furnaces for the Steel Industry—-The Electric Fur- 
Co. have issued a four-page folder illustrating 
isting several electric and fuel fired furnaces of 
is types they have installed in steel plants. Bul- 
let 


Modern Industrial Furnaces Surface Combustion 
Corp. Booklet covering the research, development and 
eering activities of the Surface Combustion Corp., 
their application and the advantages obtained by 
<-¢ furnace users as a result of these factors. Bulletin 
N-o] 


Rotary Hearth Furnace W. S. Rockwell Co. has 
ssued a new bulletin on its furnaces of this type, 
itilizing either electric or fuel heat. Construction 
vivantages are explained and diagrams presented. 
Bulletin RO322. 


i 


Rail Steel Products——Republic Steel Corp. Booklet 
describes company’s mill products, such as structural 
shapes and tubing, made from reclaimed rail steel. 
Weights and information on extras are included. Bul- 
letin JA-8. 


Ingot Molds——-Gathmann Engineering Co. The sub- 
iect of ingot molding is covered in a new book on this 
subject. Numerous illustrations of the effect of various 
nethods of finishing and casting on the reliability of 
steel products are given. Bulletin D-13. 


Machine Heat Treating—-American Gas Furnace Co. 
\ 16-page illustrated booklet giving information on the 
various types of conveyor heating machines available 
for heat treating on a production basis. Bulletin D-11. 


Potentiometer Pyrometer—-The Brown Instrument 
Co. 16-page booklet explaining and illustrating the 
irincipal features of the new Brown potentiometer 
pyrometer with special reference to accuracy of opera- 
tion and ruggedness in service. Bulletin N-3. 


Cold Finished Bar Bulletin--Joseph T. Ryerson & 
Sons, Ine. Bulletin describing the wide variety of 
shafling screw stock, and open-hearth case carburiz- 
ing steels in use today. A range of products is given, a 
list of standard tolerances and S. A. E. specifications. 
Bulletin O-50. 


Electric Steam Generators General Electric Co. 
Booklet describing and illustrating G. E. electric steam 
generators for process work. A list of applications is 
included showing how these generators may be used 
in a wide variety of industries. Bulletin D-60. 


Scale Prevention—Dearborn Chemical Co. Booklet 
describing latest scientific methods of treating water 
for prevention of seale, corrosion and foaming in 
Steam boilers, dealing with related problems in con- 
nection with scale and corrosion in other power plant 
equipment. Bulletin D-36. 


TRADE MARK 


AJAX ELECTRIC COMPANY, INC. 


ELECTRIC HEAT TREATING FURNACES 
ana... 
ELECTRIC TUNNEL KILNS 


Frankford Ave. & Allen St. 


Heat and Corrosion Resistant Alloys Michigan Steel 
Casting Co. A 16-page bulletin describing and illustrat- 
ing various cast, rolled and fabricated alloy structures 
for use at high temperatures. Bulletin N-12. 


Gilobar Elements and Accessories--Globar Corp. A 
new leaflet containing a list of standard industrial type 
Globar electric heating elements and a coordinated list 
of terminal mountings and accessories. Bulletin N-25. 


Furnace Parts—Driver-Harris Co. has issued a bul- 
letin featuring furnace parts made of their alloys. This 
bulletin gives data and advantages of Nichrome and 
Chromax heat resisting alloys in the form of furnace 
parts. Bulletin N-19. 


Automatic Metallographic Polishing Machines FE. 
Leitz, Inc. Catalog illustrating and describing the 
Guthrie-Leitz automatic polishing machines of the one, 
two and four-spindle types. The new Leitz specimen 
clamps are also described. Bulletin N-47. 


Fatigue Testing Machine——Thompson Grinder Co. 
Interesting data on fatigue testing and description of 
the rotating beam type of fatigue testing machine are 
given in Bulletin D-23. 


Industrial Gas Heat -American Gas Association. A 
veritable textbook on the uses of gas heat in industry, 
profusely illustrated with photographs of installations, 
ete. Bulletin D-10. 


Recuperators Carborundum Co. The complete 
story of Carborundum Co. recuperators for industrial 
furnaces, describing the type and covering operating 
conditions. Bulletin F-57. 


“Carbonol Process for Carburizing Steels” is the title 
of the new 12-page bulletin published by the Hevi-Duty 
Electric Co. The bulletin describes the results and 
advantages of the Carbonol process of carburizing. 
Bulletin N-44. 


Metal Progress, 7016 Euclid Ave., Cleveland. 


Please have sent to me the following literature as 
described under “Trade Pamphlets” in the March 
issue of Merat ProGress. (Please order by number.) 


DIVISION OF THE AJAX METAL COMPANY 
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The Monotron 


IS 500% FASTER 


... than any other static pres- 
sure hardness indicator. 


@ SENSITIVITY 
@ ACCURACY 
@ STURDINESS 


under adverse conditions char- 
acterize this instrument which 
will enable you to control ma- 
terials in process as well as fin- 
ished product, with no sacrifice 
in speed 


For over twenty years we 
have made the SCLEROSCOPE 
HARDNESS INDICATOR 
which is comparatively inex- 
pensive but accurate and rapid. 


The MONOTRON and the SCLEROSCOPE 
are completely described in our ree bulletin 


The Shore Instrument & Mfg. Co. 


Van Wyck and Carll Sts. Jamaica, New York 


Columbia 


OILDIE Non-sHRINKING 
COLUMBIA SPECIAL carson 

COLUMBIA EXTRA, erc. 


MAIN OFFICE AND WORKS 
$00 E. 147TH STREET, CHICAGO HEIGHTS, ILLINOIS 
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Heat Treating Rails, $y Edward 
Bethlehem, Pa., assignor to Bethlehem Steel Co. 
1,837,189; Dec. 22. 

In the heat treatment of rails and similar y)).s- 
sive bodies, this invention is intended to obyiat 
the formation of permanent strains and to 
obtain the proper temperatures for the respec- 
tive portions of the rail. The rail is allowed to 
cool from the mill heat until an edge of one of 
the flanges becomes magnetic, at which stag 
the greater mass of the rail is still above thy 
critical range. The rail is immersed in a wate: 
bath for thirty seconds and is immediately im- 
mersed in a bath of molten lead at about 1000 
I., during which period it is maintained at such 
temperature for a_ period of approximately 
forty-five minutes. It is then transferred to a 
closed furnace for a period of between 60 and 
0 min. and is then allowed to cool in air. The 
rail is therefore substantially cooled rapidly 
through the critical range, and secondly further 
rapid reduction of temperature in the lead bath, 
and thirdly the drawing of the metal in the 
furnace, and fourthly the final cooling to at- 
mospheric temperatures. It is to be understood 
that although the immersion in the lead bath 
immediately follows the removal from the wate: 
bath, such handling requires time changes pref- 
erably kept to a period of twenty seconds ot 
less. The drawing of the metal produces a 


sorbitic or troostite-sorbitic micro-structure. 


Core Paste, /y James F. McDowall, Akron, 0 
assignor to the B. F. Goodrich Co. 1,837,8¢/ 
Dec. 22. 

Molds having cores made in sections for com 
plicated castings are covered by this patent! 
which particularly points out a novel paste com 
position comprising a solution of an adhesive 
binder in a volatile organic solvent and a con 
siderable proportion of a flake pigment. [hie 
adhesive binder is preferably a tough, heat plas- 
tic, balata-like rubber isomer, such as that pre- 
pared by the action of rubber with sulphoni 
acids. They are soluble in the ordinary rublhe! 
solvents including gasoline and the natural 
isomers such as gutta-percha may be used. |! 
Nake pigment may be flake graphite, aluminum 
flake, or other flaky material which is suspended 
in the proportion of from one-half to two tines 
the volume of the rubber isomer. 
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Automatic Control 
Equipment... 


tor the 


Regulation of Temperature, Pressure, 


Level, Flow, Time Cycle, etc. 


The Motor Operated Controller is shown with Fuel and Air Valves. Control 
lers are available in types and sizes to meet practically any industrial require- 

Pack and Pair Furnaces, Normalizing and Hardening Furnaces, 
Galvanizing Tanks, Salt Baths and Continuous Kilns each have specific oper- 
ating characteristics which must be given careful consideration to insure that 
best results are obtained with the automatic control equipment selected. Our 
Engineers are at your service..... : A.T.C. Co. Motor Operated Controllers, 
Regulating Valves, Motor Operated Relays and Time Cycle Contactors are 


designed for the job, are of sturdy construction and dependable in operation. 


AUTOMATIC TEMPERATURE CONTROL, Inc. 


34 EAST LOGAN STREET, PHILADELPHIA, PA. 


1. 7. C. Co. Equipment is Handled by the Leading Industrial Instrument and Furnace Companies 


Two Assistants in Metallographic Polishing 


Fisher Polishing Alumina... 


Producesa mirror-like polish on metallographic specimens with 

the minimum of surface flow and without encasing scratches. 

GRADE NO. 1... for Hard Metals - - - $1.00 oz. 
(Makes 50 oz. polishing solution) 

GRADE NO. 2... for Medium Hard Metals - $1.40 oz. 
(Makes 100 oz. polishing solution) 

GRADE NO. 3... for Soft Metals - - - - $1.80 oz. 
(Makes 150 oz. polishing solution) 


Fisher Metallographic Polisher... 


1. Any speed from 200 to 1200 r. p. m. (Progressive ac- 
celeration—not in steps. ) 

2. Full torque at all speeds. 
Direct drive eliminates vibration. 

4. Non-corrosive head, bow! and splash ring, and other 
outstanding features 


Write for complete details. 


FISHER SCIENTIFIC COMPANY 


Apparatus for the Metallurgical Laboratory 


7Il FORBES STREET. PITTSBURGH. PENNSYLVANIA 
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(Continued from Page 72) in the eastern hemi- 
sphere, is situated here. The meeting began on 
October 17 and ended five days later. 

Among the most important papers may be 


mentioned one describing experiments on reduc- 
tion of vanadium con- 
tained in iron sands 


Japanese Discuss 
and on the slags pro- 


Many Aspects of duced in iron. sand 
smelting; another on 
the formation of 


titanium nitride obtained by the reduction of 


titanium dioxide with solid carbon. 
AJAX-NORTHRUE Papers about steel included one on the rela- 
Coreless Induction Furnaces tion between hardening effect and carbon con- 
Write for Information tent in nitriding steels; one on the effect of 
carbon on the properties of manganese steels; 
Ajax Electcothermic Oorporation an investigation of acid-resisting steels; a con- 
Trenton. ~ Nem Jersey 
ee eel tribution on the crystal structure of cementite; 
another on the structural constitution and trans- 


formation points in chromium steels; and the 


last on two kinds of martensite found in 


quenched steels. 


Among the other recent occurrences of in- 
terest to Japanese metallurgists is the opening 
of a new low temperature laboratory at the 
Research Institute for Iron, Steel and Other 
Metals at Sendai. It occupies a two-story build- 
ing covering a foundation area of 3200 sqft. 


Equipment includes a Claude air liquefying 


apparatus and a Heylandt hydrogen liquefying 


apparatus, the former having a capacity of 30 


Adaptability liters per hour and the latter 10 liters per hour 


With the Claude apparatus, we can also obtain 


and Simplicity 

liquid nitrogen at the rate of 25 liters per hour; 
feature ROCKWELL Pusher type this is used, among other things, for a_pre- 
The pusher type furnace, in a var- cooling medium for hydrogen liquefaction. 


iety of designs, is a flexible, re- : 
; CONTINUOUS Hydrogen gas is obtained by electrolytic cells 


liable and practical form of con 


HEAT TREATING of the Schuekert type, its purity being 


treatment of many different prod- 


ucts on a production basis FURNACES The building itself cost 39.300 ven, the apparatus 
lt is well adapted to products 

varying in size, weight or quan- and its installation 110.700 ven, so that the total 

pots! or rite for Bulletin expense amounted to 150,000 ven ($55,000 at the 

and uniform heat-treatment Ne. SPL present rate of exchange). The acceptance tests 
_ W. S. ROCKWELL COMPANY showed that far more than 10 liters of hydroge! 
: INDUSTRIAL HEATING EQUIPMENT is liquefied per hour, and so the present appare 
y 50 Church Street, Hudson Terminal Building, New York tus Is at present the largest in the world. 
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